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COMPARATIVE STUDIES OF THE EFFECTS OF 
AGRICULTURAL PRACTICES ON SOME ARID ZONE SOILS IN THE MIDDLE EAST 
John H. Stevens 
Summary 
The e f f e c t s o f d i f f e r e n t a g r i c u l t u r a l p r a c t i c e s on a r i d 
zone s o i l s have been s t u d i e d f o r f o u r s e l e c t e d areas i n t h e Middle-
E a s t - t r a d i t i o n a l d a t e garden c u l t i v a t i o n and modern h o r t i c u l t u r e 
i n Eas-al-Khaimah and t h e A l A i r . ( B u r a i m i ) o a s i s , c o t t o n 
p l a n t a t i o n s i n t h e low e r Awash v a l l e y , E t h i o p i a , and a f f o r e s t a t i o n 
( f o r sand s t a b i l i s a t i o n ) a t A l Hasa o a s i s , Saudi Arabia,, 
I n i t i a l p r e p a r a t i o n o f t h e l a n d f o r a g r i c u l t u r e r e s u l t s 
i n a d e c l i n e i n the- l e v e l s o f o r g a n i c m a t t e r p r e s e n t i n t h e s o i l , 
b u t o n l y a few y e a r s o f c u l t i v a t i o n a r e r e q u i r e d t o r a i s e l e v e l s 
above t h e s e i n t h e n a t u r a l s o i l s „ T h i s improvement i n s o i l 
o r g a n i c m a t t e r c o n t e n t i s accompanied by a l o w e r i n g o f pH, 
improvements i n s t r u c t u r a l s t a b i l i t y and a g r e a t e r a v a i l a b i l i t y 
o f n u t r i e n t s . Some r e d i s t r i b u t i o n o f f i n e m a t e r i a l w i t h i n 
t h e s o i l solum may a l s o t a k e p l a c e 0 I n a d d i t i o n t o t h e s e 
g e n e r a l m o d i f i c a t i o n s t o t h e s o i l , o t h e r changes t h a t occur 
may be s p e c i f i c t o a l o c a l s e t o f c o n d i t i o n s e.g. changes i n 
s a l i n i t y s t a t u s , d e c a l c i f i c a t i o n o f dat e garden s o i l s i n Ras-
al-Khaimah, and t h e f o r m a t i o n o f s i l t c r u s t s i n t h e Tendaho 
p l a n t a t i o n s . 
To t e s t t h e t h e s i s t h a t c u l t i v a t i o n causes s o i l s t o become 
i n c r e a s i n g l y s i m i l a r , a t l e a s t i n t h e i r c u l t i v a t e d h o r i z o n s , 
s e l e c t e d a n a l y t i c a l d ata f r o m £2 p r o f i l e s were s u b j e c t e d t c 
c l u s t e r analysis„ N u m e r i c a l l i n k a g e , f o r t h e s e s o i l s o f 
m a j o r groups c h a r a c t e r i s e d by poor m o r p h o l o g i c a l d e f i n i t i o n , 
showed t h a t ; w h i l e t h e r e was a r e l a t i v e l y h i g h degree o f 
s i m i l a r i t y between t h e c u l t i v a t e d p r o f i l e s , t h e i r s e p a r a t i o n 
i n t o d i c r e t e sub-groups was :Vieani:\gful i r . d p r i m a r i l y r e f l e c t e d 
g e o g r a p h i c a l a r e a , management p r a c t i c e s and s o i l t e x t u r e . 
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PREFACE 
A r i d zone s o i l s have, u n t i l r e c e n t l y , been r e l a t i v e l y 
n e g l e c t e d as regards t h e i r s c i e n t i f i c a g r i c u l t u r a l use. S u i t a b l e 
water s u p p l i e s have, of course, been the main l i m i t i n g f a c t o r s 
to t h e i r development but, with advances i n technology, not 
only i s water being e x t r a c t e d from g r e a t e r depths than formerly, 
but a l s o sources are now being used that were p r e v i o u s l y considered 
unsuitable' f o r a g r i c u l t u r e on account of t h e i r q u a l i t y . T h i s 
a l l o w s a g e n e r a l r e a p p r a i s a l to be made of the p o t e n t i a l of a r i d 
zone s o i l s f o r c u l t i v a t i o n . However, amongst indigenous 
a g r i c u l t u r a l i s t s and some e x p a t r i a t e 'experts', t h e r e has 
p r e v a i l e d the view t h a t the more water a p p l i e d to a crop, the 
b e t t e r w i l l be the response. There i s f a r more in v o l v e d i n 
a r i d zone c u l t i v a t i o n than j u s t i r r i g a t i o n , and u n t i l comparatively 
r e c e n t l y t h e r e has been a l a c k of awareness t h a t change might 
be t a k i n g p l a c e w i t h i n the s o i l s as a r e s u l t of c u l t i v a t i o n , 
or even of the mechanisms r e s p o n s i b l e f o r such changes. Concern 
has only been voiced when areas have gone out of c u l t i v a t i o n 
through s a l i n i z a t i o n or a l k a ' l i z a t i o n a s , f o r i n s t a n c e , the 50% 
decrease i n c u l t i v a t e d area a t A l Hasa, Saudi A r a b i a , during 
the l a s t twenty f i v e y e a r s . At the r e c e n t Symposium on New 
Developments i n the F i e l d of S a l t - A f f e c t e d S o i l s , held i n C a i r o , 
December 4-9, 1972,-* the f i r s t recommendation s t a t e d t h a t 'The 
Symposium r e c o g n i s i n g the importance of s a l t - a f f e c t e d s o i l s i n 
that t h e i r a r e a i s i n c r e a s i n g both as a r e s u l t of e x i s t i n g 
c u l t i v a t i o n and as these s o i l s a r e r e c l a i m e d to provide more land 
f o r a g r i c u l t u r e , Recommends an i n t e n s i f i c a t i o n of r e s e a r c h work 
-1-
with an emphasis on new t e c h n i q u e s . In p a r t i c u l a r , a r e a s of 
r e s e a r c h should i n c l u d e f e r t i l i t y s t u d i e s on improved s a l t -
a f f e c t e d s o i l s the monitoring of changes o c c u r r i n g i n 
the s o i l s of e x i s t i n g land r e c l a m a t i o n schemes' ( p r e s e n t author's 
emphasis.) 
The author has, over a number of y e a r s been concerned 
with a s s e s s i n g the s u i t a b i l i t y of a r i d lands f o r i r r i g a t e d 
a g r i c u l t u r e . In such assessments, the a b i l i t y of the land to 
s u s t a i n i r r i g a t e d a g r i c u l t u r e i s r e l a t e d to the presence or 
absence of any l i m i t i n g f a c t o r s a c t u a l l y p r e s e n t i n the s o i l , 
or other a t t r i b u t e s of the p h y s i c a l environment. L i t t l e 
a t t e n t i o n i s p a i d to changes t h a t have taken p l a c e i n the s o i l 
as a r e s u l t of e x i s t i n g c u l t i v a t i o n , u n l e s s land has a c t u a l l y 
gone out of c u l t i v a t i o n through s o i l d e t e r i o r a t i o n . The 
u s u a l e x p l a n a t i o n given i s t h a t the new a g r i c u l t u r a l development 
w i l l use d i f f e r e n t techniques and consequently, the changes, 
i f any, i n the s o i l w i l l a l s o be d i f f e r e n t . 
T h i s t h e s i s i s an attempt to a s s e s s the changes t h a t occur 
i n some a r i d zone s o i l s i n the Middle E a s t as a r e s u l t of d i f f e r e n t 
a g r i c u l t u r a l t e c h n i q u e s . Four d i s t i n c t a r e a s were chosen -
Ras-al-Khaimah i n the F e d e r a t i o n of Arab E m i r a t e s , A l A i n oases, a l s o 
now i n c l u d e d i n the F e d e r a t i o n of Arab E m i r a t e s , A l Hasa o a s i s i n 
Saudi A r a b i a , and Tendaho P l a n t a t i o n s i n the Lower Awash v a l l e y , 
E t h i o p i a . These a r e a s are a l l a r i d w i t h extremely high summer 
temperatures (>50°C i s not uncommon) and very v a r i a b l e r a i n f a l l 
amounts. Fieldwork was spread over four d i s t i n c t periods - two 
i n 1967 ( i n January and May/June) i n July/August 1969, and August/ 
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September 1971. In the course of these s t u d i e s , 245 s o i l 
p r o f i l e s were examined i n the f i e l d by the author who a l s o 
c a r r i e d out l a b o r a t o r y a n a l y s e s on 395 s o i l samples d e r i v e d 
from 105 of these p i t s . F i e l d and l a b o r a t o r y data have been 
used to a s s e s s the changes o c c u r r i n g i n the s o i l s of each 
of the study a r e a s as a r e s u l t of c u l t i v a t i o n . 
Such an approach only takes cognisance of the l o c a l 
f a c t o r s i n v o l v e d i n pedogenesis and, i n order to a s c e r t a i n 
the s i m i l a r i t y , or d i s s i m i l a r i t i e s , between the c u l t i v a t e d 
s o i l s of the four a r e a s , 62 s o i l p r o f i l e s were s u b j e c t e d to 
s t a t i s t i c a l a n a l y s i s u s i n g a c l u s t e r i n g technique. A 
s i m i l a r i t y index was c a l c u l a t e d f o r each of these p r o f i l e s , 
based on 19 s o i l c h a r a c t e r i s t i c s s e l e c t e d by the author, u s i n g 
the method dev i s e d by Hole and Hironaka ( 1 9 6 0 ) . Taxonomic 
dendrograms were then prepared from the s i m i l a r i t y i n d i c e s 
and t h e s e l i n k together s o i l s t h a t have s i m i l a r p r o p e r t i e s . 
T h i s approach has, i n the p a s t , mainly been u t i l i s e d to question 
the v a l i d i t y of the major s o i l groups and has not, to the author's 
knowledge, been extended to i n c l u d e comparative s t u d i e s of the 
e f f e c t s of s o i l p r o c e s s e s , i n p a r t i c u l a r those of an anthropogenic 
n a t u r e . The p o s s i b l e wider use of t h i s technique i n development 
s t u d i e s i s p o s t u l a t e d . C l u s t e r a n a l y s i s has been comparatively 
l i t t l e used i n s o i l s t u d i e s i n t h i s country and t h e r e were 
unforeseen d e l a y s i n the computer u n i t during the p r e p a r a t i o n 
of the dendrograms. The a n a l y t i c a l data used to determine the 
s i m i l a r i t y i n d i c e s of the 62 p r o f i l e s - . i s given i n Appendix I I , 
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w h i l e the f u l l data f o r these p i t s and oth e r s not quoted i n the 
t e x t of the t h e s i s a r e a v a i l a b l e from the author a t the Department 
of Geography, U n i v e r s i t y of Durham. 
While some of the samples were c o l l e c t e d during development 
s u r v e y s , none of the m a t e r i a l has been p r e v i o u s l y s u b j e c t e d to 
a study of t h i s type. The author i s indebted to S i r W. Halcrow 
and P a r t n e r s f o r permi s s i o n to use m a t e r i a l c o l l e c t e d during a 
r e c o n n a i s s a n c e survey of the T r u c i a l S t a t e s (now the F e d e r a t i o n of 
Arab E m i r a t e s ) , and to M i t c h e l l C o t t s S e r v i c e s L t d . , f o r the 
m a t e r i a l c o l l e c t e d i n E t h i o p i a w h i l s t c a r r y i n g out consul t a n c y 
work on the Tendaho P l a n t a t i o n s . Work a t A l A i n was c a r r i e d out 
w h i l s t i n r e c e i p t of a t r a v e l grant from the Middle E a s t C e n t r e , 
U n i v e r s i t y of Durham. 
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PART ONE 
INTRODUCTION 
CHAPTER 1 
The Importance of A r i d Region S o i l s 
1.1 I n t r o d u c t i o n 
D e f i n i t i o n s of a r i d lands have g e n e r a l l y been based on 
c l i m a t i c c r i t e r i a such as low p r e c i p i t a t i o n , season of r a i n f a l l , 
maximum temperature of the h o t t e s t month and minimum temperature 
of the c o l d e s t month ( e . g . Meigs, 1953). I t i s perhaps more 
v a l i d to d e f i n e a r i d lands i n terms of t h e i r u t i l i t y and thus 
J e w i t t (1966) s t a t e d t h a t a r i d lands were those t h a t were 
' s u f f i c i e n t l y a r i d to make both r a i n - f e d cropping and g r a z i n g 
p o t e n t i a l l y i m p o s s i b l e or m a r g i n a l 1 . Such a d e f i n i t i o n has 
enhanced v a l i d i t y i n an area l i k e the Middle E a s t where 
a g r i c u l t u r e i s the dominant economic a c t i v i t y , w i t h about 60% 
of the working p o p u l a t i o n thus engaged ( F i s h i e r , 1971). 
t 
The ecosystems of a r i d lands are p o s s i b l y the most i m p e r f e c t l y 
understood of a l l ecosystems, i n terms of the f u n c t i o n a l i n t e r -
r e l a t i o n s h i p s of t h e i r component p a r t s . While t r a d i t i o n a l forms 
of a g r i c u l t u r e have always been very much c o n t r o l l e d by e n v i r o n -
mental f a c t o r s , modern a g r i c u l t u r a l p r a c t i c e s t h a t a r e r e l a t i v e l y 
s o p h i s t i c a t e d a r e being introduced. Some of the environmental 
c o n t r o l s t h a t formerly l i m i t e d a g r i c u l t u r e have been overcome, 
but many of the p r a c t i c e s have been d e r i v e d from a g r i c u l t u r a l 
systems employed i n temperate humid l a n d s . When introduced i n t o 
an ecosystem f o r which they a r e not o r i g i n a l l y designed, s e v e r e 
environmental problems may r e s u l t u n l e s s great c a r e i s taken i n 
t h e i r o p e r a t i o n . ^ 
The a c t u a l area under c u l t i v a t i o n i n the Middle E a s t i s 
s m a l l when compared wi t h the t o t a l land area ( t a b l e 1.1). The 
t r a d i t i o n a l methods of c u l t i v a t i o n a r e s t i l l employed i n most of 
the a g r i c u l t u r a l a r e a s , but new techniques and a r a p i d growth of 
markets a r e beginning to have important e f f e c t s on a g r i c u l t u r a l 
p a t t e r n s ( S t e v e n s , 1972b). Large development schemes a r e being 
i n i t i a t e d , p a r t l y as a r e s u l t of the new a g r i c u l t u r a l techniques 
and a changing economic c l i m a t e , but a l s o on account of the 
d i s c o v e r y of new sources of i r r i g a t i o n water p a r t i c u l a r l y from 
deep a q u i f e r s . Examples i n c l u d e Haradh, 4,000 h e c t a r e s , and 
ex t e n s i o n s to A l Hasa o a s i s , 12,000 h e c t a r e s , i n Saudi A r a b i a . 
However, e x t r a c t i o n of i r r i g a t i o n water from these deep a q u i f e r s 
i s g r e a t e r than the recharge provided by p r e c i p i t a t i o n on the 
»—* 
mountains of western Saudi A r a b i a and c a r e must be taken i n t h e i r 
u t i l i s a t i o n , so t h a t d e p l e t i o n i s not too r a p i d . In a d d i t i o n , 
advances a r e being made i n the use of water t h a t p r e v i o u s l y were 
c o n s i d e r e d u n s u i t a b l e f o r i r r i g a t i o n purposes (Stevens, 1972a, 
Atki n s o n , 1972). 
I L i t t l e i s known about the behaviour of a r i d zone s o i l s under 
d i f f e r e n t a g r i c u l t u r a l p r a c t i c e s i n the Middle E a s t except f o r 
s a l i n i t y and a l k a l i n i t y changes. Baumer (1964) d e s c r i b i n g the 
s t a t u s of s o i l s c i e n c e i n Saudi A r a b i a maintains t h a t 'the few 
s t u d i e s t h a t have been made a r e mostly agronomic. They c o n s i s t 
of f e r t i l i t y a n a l y s e s or r e s e a r c h on d i f f e r e n t s a l t s , and as the 
methods c a r r y i n g them out have v a r i e d f a i r l y c o n s i d e r a b l y , the 
r e s u l t s a r e not easy to compare'. T h i s view i s s t i l l t r u e , not 
only f o r the Arabian P e n i n s u l a but a l s o f o r the whole of the a r i d 
zone of the Middle E a s t and North A f r i c a . 
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An e s s e n t i a l p r e - r e q u i s i t e of any a g r i c u l t u r a l development 
i s the i n i t i a t i o n of a land c a p a b i l i t y assessment. In such a 
survey, the p h y s i c a l " a t t r i b u t e s of land, i n c l u d i n g s o i l , water, 
t e r r a i n and c l i m a t e , are a s s e s s e d w i t h a view to s u s t a i n e d 
a g r i c u l t u r a l production. Socio-economic f a c t o r s , such as 
o r g a n i s a t i o n of s o c i e t y , land development c o s t s and marketing 
s u r v e y s a r e a l s o i n c o r p o r a t e d wherever f e a s i b l e , and p a r t i c u l a r 
cognisance i s taken of the c u r r e n t land use as being the 
c o n s o l i d a t e d experience of the indigenous i n h a b i t a n t s . Such 
land c a p a b i l i t y surveys have been c a r r i e d out i n a number of 
a r e a s i n the Middle E a s t e.g. the lower Awash V a l l e y , E t h i o p i a 
(SOGREAH, 1965), Wadi Jizan,, Saudi A r a b i a ( I t a l c o n s u l t , 1965) 
or the T r u c i a l S t a t e s (Bowen-Jones e t a l . 1967, Bowen-Jones and 
Stevens, 1967). , 
Land c l a s s i f i c a t i o n has the d e f i n i t e ' o b j e c t i v e of 
s e g r e g a t i n g lands according to t h e i r p r o d u c t i v e value f o r 
supporting a farm f a m i l y and paying water charges' (U.S. Bureau 
of Reclamation, 1953) and i n order to a t t a i n t h i s o b j e c t i v e 
a c o n s i d e r a b l e amount of b a s i c . e n v i r o n m e n t a l data i s r e q u i r e d . 
However, the data i s only used to h i g h l i g h t the hazards of 
c u l t i v a t i o n on a p a r t i c u l a r s o i l or t r a c t of land - a l l too 
o f t e n the long-term e f f e c t s of c u l t i v a t i o n on s o i l c h a r a c t e r i s t i c s 
a r e not c o n s i d e r e d u n l e s s i n terms of major environmental 
change e.g. build-up of s o i l s a l i n i t y and a l k a l i n i t y to such an 
extent t h a t a g r i c u l t u r e i s no longer p r a c t i c a b l e as i n the c a s e 
of p a r t s of the T i g r i s - E u p h r a t e s v a l l e y , I r a q , Knowledge of how 
the s o i l s w i l l r e a c t to proposed c u l t i v a t i o n p r a c t i c e s i s u s u a l l y 
unknown, thus making p r e d i c t i o n v i r t u a l l y i m p o s s i b l e . 
The i n t r o d u c t i o n of modern a g r i c u l t u r a l techniques w i l l have 
a profound e f f e c t on the c h a r a c t e r i s t i c s of weakly-developed s o i l s 
of a r i d r e g i o n s . Even".in England and Wales, the d e t r i m e n t a l e f f e c t s 
of continuous a g r i c u l t u r a l p r a c t i c e and, i n p a r t i c u l a r , modern 
techniques a r e c a u s i n g some concern. One p a r t i c u l a r cause f o r 
concern, emphasised by the A g r i c u l t u r a l Advisory C o u n c i l on S o i l 
S t r u c t u r e and F e r t i l i t y ( 1 9 7 0 ) , i s the l e v e l of organic matter 
i n the s o i l . 'On u n s t a b l e s o i l s , the i n f l u e n c e of o r g a n i c 
matter i s a l l important Some s o i l s a r e now s u f f e r i n g 
from dangerously low l e v e l s and cannot be expected to s u s t a i n the 
farming systems t h a t have been imposed on them. A whole range of 
s o i l s i s s u f f e r i n g too from the e f f e c t s of the passage of heavy 
machinery over them i n u n s u i t a b l e c o n d i t i o n s ' . T h i s i s of even 
g r e a t e r concern i n a r i d a r e a s , the s o i l s of, which a r e n a t u r a l l y 
• 
d e f i c i e n t i n organic matter content. The purpose of the c u r r e n t 
r e s e a r c h i s to i n v e s t i g a t e some of the changes brought about by 
d i f f e r e n t a g r i c u l t u r a l p r a c t i c e s , not only those t h a t a r e t a k i n g , 
or have taken, p l a c e i n the t o p s o i l , but a l s o those o c c u r r i n g i n the 
s u b s o i l . As the A g r i c u l t u r a l Advisory C o u n c i l Report c o n t i n u e s , 
'the absence of such knowledge can l e a d to s u r p r i s e s and mistakes 
which a r e o f t e n ' q u i t e unnecessary and, more s e r i o u s , to the t a k i n g 
of r i s k s which cannot be j u s t i f i e d . ' 
1.2 C l a s s i f i c a t i o n of A r i d Zone S o i l s 
In humid a r e a s , i t i s comparatively easy to a p p r e c i a t e the 
concept' of s o i l as an organised n a t u r a l body (Simonson, 1968) but 
i n a r i d a r e a s the e f f e c t of contemporary pedogenesis i s to produce 
only minimal o r g a n i s a t i o n . Lack of p r o f i l e development has l e d to 
problems i n c l a s s i f i c a t i o n , e s p e c i a l l y with schemes t h a t a r e 
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e n t i r e l y dependent upon pedogenesis as t h e i r main c r i t e r i a f o r 
d i f f e r e n t i a t i o n . I t was t h i s l a c k of the e f f e c t s of pedogenesis, 
t h a t l e d Western (1972) to suggest a geomorphological, or d e p o s i t i o n a l , 
approach to the c l a s s i f i c a t i o n of a r i d region s o i l s . 
FAO/UNESCO (1968) prepared a s o i l legend f o r t h e i r S o i l Map 
of the World P r o j e c t i n which the s o i l u n i t s a r e based on the 'present 
knowledge of g e n e s i s , c h a r a c t e r i s t i c s and d i s t r i b u t i o n of the major 
s o i l s c o v e r i n g the e a r t h ' s s u r f a c e and t h e i r s i g n i f i c a n c e as r e s o u r c e s 
f o r p r o d u c t i o n 1 . Each u n i t i s c h a r a c t e r i s e d by observable and 
measurable p r o p e r t i e s which not only r e f l e c t the g e n e s i s of the s o i l 
but a l s o have s i g n i f i c a n c e i n s o i l management. 
In t h i s s o i l legend, orders and u n i t s found i n a r i d r e g i o ns 
may i n c l u d e : , 
1. F l u v i s o l s . These a re s o i l s of r e c e n t a l l u v i a l d e p o s i t s 
which show v i r t u a l l y no p r o f i l e development. They may be s u b j e c t 
to p e r i o d i c f l o o d i n g and thus show some d e p o s i t i o n a l s t r a t i f i c a t i o n . 
C a r b o n a t i c f l u v i s o l s a r e those f l u v i s o l s c o n t a i n i n g more than 5% 
lime i n the top 100 cms, w h i l s t e u t r i c f l u v i s o l s have a pH ( i n KC1) 
of more than 4.2. 
2. Regosols have developed on unconsolidated m a t e r i a l , e x c l u s i v e 
o f r e c e n t a l l u v i a l d e p o s i t s . Again, e u t r i c and c a r b o n a t i c r e g o s o l s 
a r e d i f f e r e n t i a t e d , 
3. The V e r t i s o l s a r e those s o i l s of heavy t e x t u r e with c l a y 
m i n e r a l s having expanding l a t t i c e s dominating the c l a y f r a c t i o n . As 
a r e s u l t , g i l g a i m i c r o r e l i e f i s oft e n present and s l i c k e n s i d e s occur 
i n the p r o f i l e . The dry s o i l i s c h a r a c t e r i s e d by c r a c k s a t l e a s t 
1 cm wide and 50 cms i n depth. V e r t i s o l s may be s a l i n e . 
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4. Yermosols a r e the t r u e d e s e r t s o i l s c h a r a c t e r i s e d by 
weak pedogenic h o r i z o n s . The p a l l i d A horizon i s low i n organic 
matter. Cambic ( a l t e r e d ) , a r g i l l u v i c ( c l a y enrichment by 
i l l u v i a t i o n ) , c a l x i c (secondary carbonate enrichment), g y p s i c 
(secondary c a l c i u m s u l p h a t e enrichment) and weak n a t r i c (5-15% 
exchangeable sodium) B horizons a r e d i a g n o s t i c of h a p l i c , l u v i c , 
c a l x i c , g y p s i c and s o l o n e t z i c yermosols r e s p e c t i v e l y . I n 
a d d i t i o n , t h e s e s o i l s may be s a l i n e having c o n d u c t i v i t i e s of up 
to 16 mmhos/cm a t 25°C. 
5. X e r o s o l s . In c o n t r a s t to yermosols, x e r o s o l s a r e found on 
d e s e r t edges where th e r e i s g r e a t e r e f f e c t i v e r a i n f a l l . Vegetation, 
c o v e r s a g r e a t e r proportion of the s o i l s u r f a c e and the s o i l s 
c o n t a i n a higher percentage of organ i c matter. The p a l l i d A 
hori z o n i s w e l l developed w h i l e s t r o n g e r pedogenesis i s r e f l e c t e d 
i n b e t t e r d e f i n i t i o n of the d i a g n o s t i c h o r i z o n s . H a p l i c , l u v i c , 
c a l x i c , g y p s i c and s o l o n e t z i c s o i l s a r e recognised and, again, 
x e r o s o l s may be s a l i n e . 
6. H a l o s o l s can be d i v i d e d i n t o two major u n i t s - the 
solonchak and the s o l o n e t z . The former i s c h a r a c t e r i s e d by the 
presence of a s a l i c h o r i z o n (one t h a t c o n t a i n s a secondary enrichment 
of s a l t s more s o l u b l e than gypsum) and/or has a c o n d u c t i v i t y i n 
ex c e s s of 16 mmhos/cm a t 25°C w i t h i n the top 125cms. Solonetz 
s o i l s a r e c h a r a c t e r i s e d by the presence of a n a t r i c h o r i z o n . 
T h i s legend i s f l e x i b l e f o r use i n a r i d l a n d s , but i t does 
s u f f e r from major drawbacks. F i r s t l y , i t i s d i f f i c u l t to c l a s s i f y 
i n t e r g r a d e s i . e . s o i l s t h a t may possess the p r o p e r t i e s of two or 
more d i s t i n c t s o i l t y p e s . T h i s problem i s accentuated i n 
d e p o s i t i o n a l enviroments where i t i s d i f f i c u l t to determine what i s 
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a s o i l property and what i s the product of geomorphological 
p r o c e s s . Secondly, no account i s taken of the r a p i d i t y of change 
tha t occurs i n s o i l p r o p e r t i e s as a r e s u l t of anthropogenic i n f l u e n c e s . 
I n c e r t a i n r e s t r i c t e d a r e a s , man i s the dominant f a c t o r i n s o i l 
formation - not only may he have caused widespread e r o s i o n thus 
d e s t r o y i n g the s o i l c h a r a c t e r i s t i c s but, on the other hand, 
a d d i t i o n s to the s o i l may r e s u l t i n a change i n s o i l p r o p e r t i e s 
thus n e c e s s i t a t i n g a change i n c l a s s i f i c a t i o n . At A l A i n o a s e s , 
yermosols have been changed i n t o x e r o s o l s through i n c r e a s e s i n 
o r g a n i c matter caused by c u l t i v a t i o n over a period of c e r t a i n l y 
hundreds of y e a r s ( S t e v e n s , 1970a). The changes i n s o i l 
p r o p e r t i e s caused by d i f f e r e n t a g r i c u l t u r a l methods w i l l be 
a n a l y s e d i n succeeding c h a p t e r s . 
i 
1.3 The a g r i c u l t u r a l p o t e n t i a l of a r i d lands 
Table 1.1 g i v e s an i n d i c a t i o n of the p o t e n t i a l f o r 
a g r i c u l t u r a l development i n some Middle E a s t e r n c o u n t r i e s . I n 
s e v e r a l c o u n t r i e s , the amount of p o t e n t i a l l y c u l t i v a b l e land i s 
c o n s i d e r a b l y g r e a t e r than t h a t c u r r e n t l y under c u l t i v a t i o n , but 
even i f t h i s was taken i n t o c u l t i v a t i o n only a s m a l l proportion 
of the area i s f e a s i b l e f o r a g r i c u l t u r e . Much of the a r i d 
r e g i o n of the Middle E a s t i s p h y s i c a l l y u n s u i t e d f o r a g r i c u l t u r a l 
development - rocky mountains w i t h s k e l e t a l s o i l s , moving sand 
and l a r g e a r e a s of bare rock d e s e r t . Even i n the a r e a s where 
s u i t a b l e s o i l s occur, development has been hampered by a l a c k of 
t e c h n i c a l e x p e r t i s e both i n the e x p l o r a t i q n for,; and e x p l o i t a t i o n 
of, water r e s o u r c e s , as w e l l as i n a g r i c u l t u r a l management and 
t e c h n i q u e s . Furthermore, u n t i l comparatively r e c e n t l y , t h e r e have 
been a l a c k of s o c i a l and economic s t i m u l i , i n c l u d i n g poor t r a n s p o r t 
'networks. 
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As a r e s u l t of income derived from o i l revenues, there has 
been a r a d i c a l change i n the a g r i c u l t u r a l s e c t o r of the economy 
of many Middle E a s t e r n c o u n t r i e s . Development of modern t r a n s p o r t 
networks has meant t h a t a r e a s s u i t a b l e f o r a g r i c u l t u r a l development, 
which were formerly too i n a c c e s s i b l e , a re now being l i n k e d w i t h 
major markets. For example, A l A i n i s now l i n k e d with Abu Dhabi 
\_ by a dual carriageway tarmac road. Here, not only does the 
t r a d i t i o n a l form of a g r i c u l t u r e , the date garden, f l o u r i s h , but 
a l s o t h e r e has been the development of s m a l l h o l d i n g s and, i n 
p a r t i c u l a r , l a r g e r commercial holdings of up to 100 h e c t a r e s 
i n s i z e . E x p l o r a t i o n f o r o i l and the' i n i t i a t i o n of water 
r e s o u r c e s u r v e y s have l e d to a r e a p p r a i s a l of water s u p p l i e s 
fo r i r r i g a t i o n and t h e s e , together w i t h advanced a g r i c u l t u r a l 
and i r r i g a t i o n technology,, a r e b r i n g i n g e x t e n s i v e a r e a s under 
c u l t i v a t i o n . Areas of dry farming a r e i n c r e a s i n g a t a f a s t e r 
r a t e than w i t h i r r i g a t i o n , but i t i s i n the l a t t e r t h a t t h e r e i s 
the g r e a t e s t p o t e n t i a l . P r o d u c t i v i t y from i r r i g a t e d c u l t i v a t i o n 
i s much g r e a t e r than from other forms of a g r i c u l t u r e - J e w i t t (1966) 
esti m a t e s t h a t 25% of the world's food supply i s produced from the 
i r r i g a t e d 13% of the t o t a l a r a b l e l a n d s . Furthermore, more . 
i n t e n s i v e use of the g r a z i n g lands i n a r i d r e g i o ns i s a l s o going 
to be dependent upon an e x t e n s i o n of i r r i g a t e d a r a b l e lands i n 
order to provide supplementary fodder crops such as l u c e r n e or 
l u b i a ( D o l i c h o s l a b l a b ) . 
1.4 Methods of I n v e s t i g a t i o n 
1.4(1) L o c a t i o n of Study a r e a s and f i e l d s t u d i e s by the author. 
Four d i s t i n c t study a r e a s have been chosen to r e f l e c t the v a r i e t y 
of c u l t i v a t i o n p r a c t i c e s now found i n the a r i d a r e a s of Middle E a s t e r n 
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c o u n t r i e s . T h e i r l o c a t i o n s a r e shown on F i g . l . 
( a ) Ras-al-Khaimah. I n t h i s p a r t of the Oman P e n i n s u l a 
t h e r e a r e a number of l o n g - e s t a b l i s h e d s e t t l e m e n t s , each a s s o c i a t e d 
w i t h date gardens, but s i n c e the middle 1950s t h e r e has been the 
r a p i d establishment of commercial s m a l l h o l d i n g s , mainly c o n c e n t r a t i n g 
on the c u l t i v a t i o n of v e g e t a b l e s . While the water r e s o u r c e s of 
the area were s u f f i c i e n t f o r the t r a d i t i o n a l date c u l t i v a t i o n , 
the new a g r i c u l t u r a l development, i n a d d i t i o n to a r a p i d l y i n c r e a s i n g 
urban population ( i n 1968, the t o t a l population of Ras-al-Khaimah 
was over 24,000) has caused c o n s i d e r a b l e problems i n water e x p l o i t a t i o n . 
Many of the pumps i r r i g a t i n g the new holdings a r e l o c a t e d too c l o s e 
together thus r e s u l t i n g i n a l o c a l lowering of the water t a b l e . 
T h i s has had unfortunate r e p e r c u s s i o n s i n t h a t , because of the c l o s e 
proximity of the are a to the s e a , s a l i n e water has contaminated the 
i r r i g a t i o n water through a r e v e r s a l of the h y d r a u l i c g r a d i e n t . 
Furthermore, because of the n a t u r a l s a l i n i t y of many of the s o i l s , 
r e c i r c u l a t i o n of i r r i g a t i o n water has a l s o caused i t to become more 
s a l i n e . 
I n 1965, the T r u c i a l S t a t e s Development C o u n c i l commissioned 
a survey of the water r e s o u r c e s and t h i s was c a r r i e d out by S i r W. 
Halcrow and P a r t n e r s . A s s o c i a t e d w i t h t h i s was a survey of the 
a g r i c u l t u r a l p o t e n t i a l of the s o i l s , undertaken by the Geography 
Department of Durham U n i v e r s i t y . T h i s l a t t e r survey was p r i m a r i l y 
concerned w i t h v i r g i n s o i l s and t h e i r s u i t a b i l i t y for development, 
but i t did a l l o w the author to i n v e s t i g a t e p r o f i l e s under d i f f e r e n t 
t ypes of c u l t i v a t i o n . The author i n v e s t i g a t e d about 140 s o i l 
p r o f i l e s i n the f i e l d and c o l l e c t e d samples from 31 p r o f i l e s f o r 
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a n a l y s i s i n the l a b o r a t o r y . Of these 31 p r o f i l e s , 10 were e i t h e r 
under c u l t i v a t i o n or had r e c e n t l y been c u l t i v a t e d . 
(b) A l A i n oases, F e d e r a t i o n of Arab E m i r a t e s . These 
oases a r e l o n g - e s t a b l i s h e d being s i t e d on a major t r a d i n g route 
a c r o s s the Oman P e n i n s u l a . While the changes that have occurred 
i n the type of a g r i c u l t u r e p r a c t i c e d a r e s i m i l a r to those a t Ras-
al-Khaimah, t h e r e has been a g r e a t e r emphasis on the s c i e n t i f i c 
approach, p a r t i c u l a r l y i n the use of f e r t i l i s e r s . The i r r i g a t i o n 
water i s f a r l e s s s a l i n e than a t Ras-al-Khaimah and t h e r e i s a 
r e l a t i v e absence of s a l i n e s o i l s . 30 p r o f i l e s were examined 
and samples were c o l l e c t e d from 14 (11 c u l t i v a t e d ) f o r a n a l y s i s 
i n the l a b o r a t o r y by the author. 
( c ) Tendaho P l a n t a t i o n s , lower Awash' V a l l e y , E t h i o p i a . 
I n c o n t r a s t to the two preceding a r e a s , which a r e examples of 
o a s i s a g r i c u l t u r e , t h i s i s an a r e a of v i r t u a l monoculture of 
c o t t o n , organised and d i r e c t e d by European e x p e r t i s e . The 
f i r s t commercial cotton p l a n t a t i o n s were e s t a b l i s h e d around Dubti 
i n the e a r l y 1960s, and s o i l samples were c o l l e c t e d from f i e l d s 
having v a r i e d cropping h i s t o r i e s . Some had grown cot t o n almost 
c o n t i n u o u s l y s i n c e the e s tablishment of the p l a n t a t i o n s w h i l e 
o t h e r s had f a l l o w s and/or a l t e r n a t i v e crops ( r i c e or maize) 
i n c o r p o r a t e d i n t o t h e i r cropping p a t t e r n . 67 p r o f i l e s were 
i n v e s t i g a t e d i n the f i e l d , 52 (48 c u l t i v a t e d ) of which were 
sampled f o r l a b o r a t o r y a n a l y s i s by the author. 
(d) A l Hasa O a s i s , Saudi A r a b i a . While t h i s o a s i s i s perhaps 
one of the o l d e s t c e n t r e s of a g r i c u l t u r e i n e a s t e r n A r a b i a , t h i s 
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study i s concerned with the sand s t a b i l i s a t i o n scheme i n i t i a t e d 
i n 1963. The a g r i c u l t u r a l p a r t of the o a s i s has been going 
out of c u l t i v a t i o n due to i n c r e a s i n g s a l i n i t y and a l s o as a 
r e s u l t of sand dunes, encroaching a t a r a t e of 12-15 metres 
each year, overwhelming p a r t of the c u l t i v a t e d a r e a . In order 
to prevent t h i s encroachment, a b e l t of woodland, mainly of 
Tamarlndus s p e c i e s , i s being planted and s o i l samples were 
c o l l e c t e d from 8 s i t e s i n order to determine the r a t e a t which 
raw, u n s t a b l e , m i n e r a l p a r t i c l e s a t t a i n e d some of the p r o p e r t i e s 
of a s o i l . T h i s i s a unique a r e a i n which to study s o i l 
formation, i n p a r t i c u l a r because of the or g a n i c h o r i z o n t h a t . 
occurs under some of the longer e s t a b l i s h e d woodland p l o t s . 
Such a ho r i z o n i s u s u a l l y absent i n a r i d zone s o i l s but i t has 
important i m p l i c a t i o n s i n t h a t i t could completely a l t e r the 
pedogenic p r o c e s s e s . Woodland i s i n c r e a s i n g l y being used f o r 
s h e l t e r b e l t s i n a g r i c u l t u r a l a r e a s and the e f f e c t s of t r e e 
growth would c e r t a i n l y modify s o i l p r o p e r t i e s i n the v i c i n i t y 
of t h i c k s h e l t e r b e l t s . 
At each p r o f i l e l o c a t i o n , the s o i l was c a r e f u l l y d e s c r i b e d 
a c c o r d i n g to standard s o i l survey procedures. Some d i f f i c u l t i e s 
were encountered, e s p e c i a l l y i n the d e f i n i t i o n of s o i l h o r i z o n s , 
f o r d e p o s i t i o n a l h o r i z o n s o f t e n obscured those t h a t were the r e s u l t 
of pedogenic p r o c e s s e s . As f a r as p o s s i b l e , pedogenic horizons 
were d e s c r i b e d but, i n the s u b s o i l , t e x t u r a l horizons r e s u l t i n g 
from d e p o s i t i o n were a l s o d e s c r i b e d . I n some c a s e s , pH and 
c o n d u c t i v i t y determinations were made, i n the f i e l d . 
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1 . 4 ( i i ) L a b o r a t o r y s t u d i e s u n d e r t a k e n by t h e a u t h o r . 
395 s o i l samples and 3 o r g a n i c samples were s u b j e c t e d t o 
l a b o r a t o r y a n a l y s e s . S o i l a n a l y s e s were c a r r i e d o u t on samples 
t h a t had been a i r d r i e d , c r u s h e d g e n t l y and had passed t h r o u g h 
a 2 ism s i e v e . R o u t i n e a n a l y s e s c o n s i s t i n g o f m e c h a n i c a l a n a l y s i s , 
t o t a l c a r b o n a t e c o n t e n t , pH and c o n d u c t i v i t y d e t e r m i n a t i o n s , 
c a t i o n exchange d a t a , o r g a n i c m a t t e r c o n t e n t and t o t a l n i t r o g e n , 
were c a r r i e d o u t on a l l t h e s o i l samples w h i l e s u p p l e m e n t a r y 
a n a l y s e s i n c l u d i n g t o t a l and a v a i l a b l e phosphates and p o t a s h , 
i r o n , gypsum, s o l u b l e a n i o n s , s i l i c a - s e s q u i o x i d e d e t e r m i n a t i o n s 
and X-ray d i f f r a c t i o n s t u d i e s were made on s e l e c t e d samples. 
The methods o f a n a l y s i s employed were as f o l l o w s : -
P a r t i c l e s i z e a n a l y s i s . A f t e r t r e a t m e n t w i t h hydrogen p e r o x i d e , 
t o remove any o r g a n i c m a t t e r , and d i l u t e h y d r o c h l o r i c a c i d , t o 
d i s s o l v e c a r b o n a t e s , t h e s o i l was shaken o v e r n i g h t and t h e s e p a r a t e s 
were d e t e r m i n e d by measuring t h e d e n s i t y o f t h e s u s p e n s i o n w i t h a 
Bouyoucos h y d r o m e t e r . I n cases o f s o i l s t h a t had e x c e p t i o n a l l y 
h i g h c a r b o n a t e c o n t e n t s o r were v e r y a l k a l i n e , some anomalous 
r e s u l t s were r e c o r d e d . 
T o t a l c a r b o n a t e s . The s o i l was t r e a t e d w i t h an excess o f 
h y d r o c h l o r i c a c i d and t h i s excess t i t r a t e d w i t h sodium h y d r o x i d e 
u s i n g brom-thymoi b l u e as an i n d i c a t o r . 
pH. D e t e r m i n a t i o n , by a d i r e c t r e a d i n g pH meter, on a s a t u r a t e d 
p a s t e . 
C o n d u c t i v i t y . D e t e r m i n a t i o n , by a c o n d u c t i v i t y b r i d g e , on a 
s a t u r a t e d p a s t e . T h i s measurement g i v e s an i n d i c a t i o n o f t h e t o t a l 
s o l u b l e s a l t c o n t e n t p r e s e n t i n t h e s o i l s o l u t i o n , t h e r e b e i n g 
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approximately 10 m e q / l i t r e s o l u b l e anions f o r each mmho/cm at 25 C. 
So l u b l e s a l t s ' . The methods employed were those recommended by 
the U.S. S a l i n i t y Laboratory (1953) and the determinations were made 
on s a t u r a t i o n e x t r a c t s . Carbonates and b i c a r b o n a t e s were determined 
by t i t r a t i o n w i t h s u l p h u r i c a c i d , c h l o r i d e s by t i t r a t i o n w i t h s i l v e r 
n i t r a t e and s u l p h a t e s by p r e c i p i t a t i o n a s barium s u l p h a t e . 
Gypsum. The q u a n t i t a t i v e method b y . p r e c i p i t a t i o n w i t h acetone 
was employed. 
Ca t i o n Exchange d a t a . The s o i l s of the Tendaho p l a n t a t i o n s and 
A l Hasa o a s i s were r e l a t i v e l y low i n carbonate content and ammonium 
a c e t a t e was used f o r the e x t r a c t i o n of exchangeable c a t i o n s from 
samples from these two a r e a s . However, t h i s method of e x t r a c t i o n 
was not s u i t a b l e f o r h i g h l y c a l c a r e o u s samples f o r the ammonium 
a c e t a t e takes i n t o s o l u t i o n some of the c a l c i u m carbonate p r e s e n t , 
thus enhancing the 'exchangeable' c a l c i u m v a l u e s . I n s t e a d a 
barium c h l o r i d e - t r i e t h a n o l a m i n e s o l u t i o n was used f o r e x t r a c t i o n 
of c a t i o n s of h i g h l y c a l c a r e o u s s o i l s . Exchangeable sodium and 
potassium were determined on a flame photometer w h i l e exchangeable 
c a l c i u m and magnesium determinations were c a r r i e d out on an atomic 
a b s o r p t i o n spectrophotometer. 
Organic carbon. The Walkley-Black method of wet o x i d a t i o n of 
org a n i c matter u s i n g a standard potassium dichromate s o l u t i o n was 
employed. The e x c e s s dichromate was t i t r a t e d a g a i n s t standard 
f e r r o u s ammonium s u l p h a t e u s i n g diphenylamine as an i n d i c a t o r . 
A recovery f a c t o r of 77% was assumed. 
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T o t a l n i t r o g e n . The s o i l was d i g e s t e d f o r a t l e a s t 3 hours 
w i t h concentrated s u l p h u r i c a c i d . The d i g e s t , a f t e r d i l u t i o n , 
was d i s t i l l e d i n t o a b o r i c a c i d and mixed i n d i c a t o r s o l u t i o n 
and t h i s was then t i t r a t e d a g a i n s t h y d r o c h l o r i c a c i d . 
T o t a l phosphate and potash. E x t r a c t i o n was by s u l p h u r i c a c i d 
and the amounts pr e s e n t determined c o l o r i m e t r i c a l l y on a flow-
through s p e c t r a . 
A v a i l a b l e phosphate and potash. These were determined 
c o l o r i m e t r i c a l l y on a flow-through s p e c t r a a f t e r e x t r a c t i o n / b y l O O m L 
weak a c e t i c a c i d ( 2 . 5 % ) . 
I r o n . Deb's method of e x t r a c t i o n was used i n which the s o i l 
i s t r e a t e d with sodium h y d r o s u l p h i t e and 0.05N h y d r o c h l o r i c a c i d . 
The amount present was determined c o l o r i m e t r i c a l l y on the flow-
through s p e c t r a u s i n g t h i o g l y c o l i c a c i d to develop the c o l o u r . 
The sodium h y d r o s u l p h i t e transforms the f r e e i r o n oxides i n t o 
s u l p h i d e s which are r e a d i l y s o l u b l e i n h y d r o c h l o r i c a c i d . 
S i l i c a - s e s q u i o x i d e d e t e r m i n a t i o n s . These determinations a r e used 
to g i v e an i n d i c a t i o n of the degree of weathering t h a t has taken 
p l a c e i n the s o i l and a r e c a r r i e d out on the c l a y f r a c t i o n . Sodium 
carbonate f u s i o n followed by treatment with concentrated h y d r o c h l o r i c 
a c i d produces a complete decomposition of c l a y p a r t i c l e s . S i l i c a 
was determined by o b t a i n i n g the l o s s of weight on d i g e s t i o n w i t h 
h y d r o f l u o r i c and s u l p h u r i c a c i d s i n a platinum c r u c i b l e , with 
i r o n and aluminium determinations being c a r r i e d out on the 
i n s o l u b l e r e s i d u e s . »«M*>LULO ***** dLv*oU>«a ^ M U » I < HS*£K KHSC^. and 
***A ttvioCjUjtftll 
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X-ray d i f f r a c t i o n s t u d i e s . These were used t o supplement t h e 
s i l i c a - s e s q u i o x i d e d e t e r m i n a t i o n s t o g i v e an i n d i c a t i o n o f t h e 
m i n e r a l s f o r m i n g i n t h e c l a y f r a c t i o n due t o w e a t h e r i n g p r o c e s s e s . 
Cbte. ine£ end c<ur end bhcfeui^ o f untrtc&t 3ciL foe I bh r t^ s t a r r i n g Inn" H ^ n aoi Secaivteaiion, an3 «,oa^pe>rclibn c ( 
Acetone smears o f c l a y samples.^were made and Cu Ka r a d i a t i o n used. s^P"* 1*"; 
Where a p p r o p r i a t e , a u x i l i a r y t e s t s , such as t r e a t m e n t w i t h g l y c e r o l , 
were employed t o e s t a b l i s h t h e presence o f expanding l a t t i c e 
m i n e r a l s . 
I n a d d i t i o n t o t h e a n a l y s e s c a r r i e d o u t on t h e m i n e r a l 
samples, t h e o r g a n i c m a t t e r c o l l e c t e d f r o m t h e Tamarix woodland 
a t A l Hasa has been s u b j e c t e d t o l a b o r a t o r y t e s t s . The f i r s t 
was t o d e t e r m i n e t h e changes i n pH v a l u e s o c c u r r i n g d u r i n g t h e 
e a r l y s t a g e s o f d e c o m p o s i t i o n . D i s t i l l e d w a t e r was added t o 
t h e o r g a n i c m a t e r i a l a t i n t e r v a l s o f f i v e days, t o s i m u l a t e 
i r r i g a t i o n c o n d i t i o n s and t h e pH n o t e d . A second t e c h n i q u e 
employed was t o s e p a r a t e t h e o r g a n i c m a t e r i a l i n t o i t s 
components, humin, f u l v i c a c i d and humic a c i d . The l a t t e r two 
a r e o f p a r t i c u l a r i m p o r t a n c e as t h e y a r e r e s p o n s i b l e f o r much 
o f t h e m i n e r a l t r a n s l o c a t i o n t h a t t a k e s p l a c e i n t h e s o i l . The 
o r g a n i c m a t t e r was t r e a t e d w i t h 5% NaOK and t h e s o l u b l e m a t e r i a l 
i s t h e f u l v i c and humic a c i d . The s o l u b l e m a t e r i a l was t h e n 
t r e a t e d w i t h 5% KC1, t h e p r e c i p i t a t e b e i n g t h e humic a c i d s and 
t h e a c i d - s o l u b l e m a t e r i a l b e i n g t h e f u l v i c a c i d s . 
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CHAPTER 2 
A r i d Zone Pedogenesis 
2.1 P a l a e o s o l s 
Contemporary c l i m a t i c c o n d i t i o n s to not favour b i o l o g i c a l 
a c t i v i t y to any great degree and as a consequence pedogenic 
p r o c e s s e s a r e weak and s e v e r e l y r e s t r i c t e d . Indeed, under 
c o n d i t i o n s of extreme a r i d i t y , b i o l o g i c a l a c t i v i t y , can be 
v i r t u a l l y absent and the s u r f a c e m a t e r i a l may be regarded as 
' p r e - s o i l 1 (d'Hoore, 1964). However, t h i s has not always 
been the c a s e , e s p e c i a l l y during the P l e i s t o c e n e , when, i n p l u v i a l 
p e r i o d s , the amount of e f f e c t i v e moisture was c o n s i d e r a b l y g r e a t e r 
than i t i s today. As Butzer (1963) s t a t e s ' i t i s argued t h a t 
a z o n a l lowering of temperature by 4-5°C during v a r i o u s g l a c i a l 
phases would a u t o m a t i c a l l y reduce evaporation s u f f i c i e n t l y so 
as to permit higher l a k e l e v e l s or g r e a t e r stream d i s c h a r g e ' . 
During the p l u v i a l p e r i o d s , which were demonstrably noycontemp-
oraneous w i t h the g l a c i a l phases i n Europe, though evidence s t i l l 
remains p a r t i a l and s c a t t e r e d , b i o l o g i c a l and chemical a c t i v i t y 
• 
would have been c o n s i d e r a b l y g r e a t e r than a t present and, 
consequently, pedogenic p r o c e s s e s more i n t e n s e or e n t i r e l y d i f f e r e n t 
from those o p e r a t i v e today. 
In some i n s t a n c e s r e l i c s o i l s , or p a l a e o s o l s , t h a t formed 
under th e s e d i f f e r e n t p a s t environmental c o n d i t i o n s , have s u r v i v e d 
r e l a t i v e l y i n t a c t , e s p e c i a l l y i n a r e a s t h a t have remained u n a f f e c t e d 
by subsequent e r o s i o n and/or d e p o s i t i o n . Such an area i s found 
7< TV n  
near A l A i n oases, F e d e r a t i o n of Arab E m i r a t e s , on the western 
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f l a n k s of J e b e l H a f i t . Here, a red limestone s o i l ( p r o f i l e 2 1 ), 
having some s i m i l a r i t i e s with a chromic l u v i s o l ( t e r r a r o s s a ) , 
has developed on a conglomeratic limestone of Miocene age. The 
p r o f i l e shows 3 cms of a e o l i a n loamy f i n e sand o v e r l y i n g 12 cms 
2 
of 5YR4/4 ( r e d d i s h brown) sandy c l a y loam, which i n t u r n , r e s t s 
on weathered limestone. I t i s the r e d d i s h brown horizon which i s 
probably a remnant of a p a l a e s o l . Table 2.1 gives some a n a l y t i c a l 
data f o r t h i s s o i l as w e l l as comparable data f o r chromic l u v i s o i s 
i n northern Jordan, d e s c r i b e d by F i s h e r e t . a l . (1966, 1968), and 
a t y p i c a l u n c u l t i v a t e d x e r o s o i found i n the A l Ain oases ( p r o f i l e 
1 2 ) . While the p a l a e o s o l i s obviously very d i f f e r e n t from the 
x e r o s o i , the d i s t i n g u i s h i n g f e a t u r e s of a chromic l u v i s o l are not 
f u l l y developed. The p a l a e o s o l has a higher pH and a higher 
carbonate content than the chromic l u v i s o i s w h i l s t the a c i d -
e x t r a c t a b l e i r o n oxide content i s lower. Given a longer period 
of time under c o n d i t i o n s more favou r a b l e to pedogenesis ( i n 
p a r t i c u l a r , a g r e a t e r amount of e f f e c t i v e m o i s t u r e ) , i t i s p o s s i b l e 
t h a t a chromic l u v i s o l might have evolved. 
However, many 'normal' a r i d zone s o i l s e x h i b i t f e a t u r e s i n 
t h e i r p r o f i l e morphology which r e p r e s e n t d i s t i n c t environmental 
c o n d i t i o n s during t h e i r formation. The p o l y g e n e t i c o r i g i n of 
many of the s o i l s of the G r a v e l P l a i n s , F e d e r a t i o n of Arab Emirates 
1. f u l l a n a l y t i c a l data f o r p r o f i l e s mentioned i n the t e x t a re 
given i n Appendix 1. 
2. a l l Munsell c o l o u r n o t a t i o n s are given f o r moist s o i l s 
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i s r e f l e c t e d i n the occurrence of s e v e r a l g y p s i c and/or c a l x i c 
h o r i z o n s i n a number of p r o f i l e s ( S t e v e n s , 19G9a) . P r o f i l e 
morphology of most a r i d zone s o i l s thus provides some evidence 
f o r stages i n pedogenesis r a t h e r than the cumulative i n f l u e n c e 
of c l i m a t i c , b i o t i c and topographic f a c t o r s a c t i n g on a s i n g l e 
parent m a t e r i a l s i n c e i t s d e p o s i t i o n . 
2.2 F a c t o r s a f f e c t i n g contemporary pedogenesis 
I n terms of movement of m a t e r i a l , the geomorphic landscape 
may be d i v i d e d up i n t o zones of departure, of t r a n s f e r e n c e and 
of accumulation (d'Hoore, 1964). I n any one of these zones, 
i 
pedogenesis i s perhaps most c l o s e l y a f f e c t e d by the i n t e n s i t y 
and frequency of p r e c i p i t a t i o n . The area d i r e c t l y a f f e c t e d 
by a r a i n s t o r m i n a r i d zones i s r e l a t i v e l y s m a l l - SOGREAH (1965) 
e s t i m a t e t h a t i n the lower Awash v a l l e y , E t h i o p i a , the area 
a f f e c t e d by a shower of r a i n i s no more than 15-20 sq.kms i n 
e x t e n t . Very l i t t l e of t h i s r a i n f a l l i s e f f e c t i v e i n terms of 
pedogenesis f o r the t h i n c r u s t on the s o i l s u r f a c e reduces 
i n f i l t r a t i o n and a c c e n t u a t e s r u n - o f f . The l a t t e r can be c o n s i d e r a b l e 
and the e f f e c t s of a r a i n s t o r m may be f e l t many k i l o m e t r e s away 
i n the form of f l o o d i n g and sediment d e p o s i t i o n . S o i l p r o f i l e s 
i n highland a r e a s ( t h e zones of d e p a r t u r e ) , where they occur, 
tend to be h e a v i l y eroded and t r u n c a t e d w h i l e d e p o s i t i o n i n 
the zones of accumulation i s o f t e n f a r more r a p i d than pedogenic 
m o d i f i c a t i o n s to the parent m a t e r i a l . 
Under environmental c o n d i t i o n s of high temperatures, low 
h u m i d i t i e s , scanty i r r e g u l a r r a i n f a l l , and low b i o l o g i c a l a c t i v i t y , 
s o i l e v o l u t i o n i s a long p r o c e s s and a r i d zone s o i l s a r e c h a r a c t e r i s e d 
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by t h e i r weak p r o f i l e morphology. Organic matter i s l a c k i n g 
and consequently s t r u c t u r a l development l i m i t e d , weathering 
of m i n e r a l s i s s e v e r e l y r e s t r i c t e d w h i l e r e d i s t r i b u t i o n of 
carbonates and s o l u b l e s a l t s a r e the major pr o c e s s e s o p e r a t i v e 
due to the high e v a p o t r a n s p i r a t i o n r a t e s exceeding p r e c i p i t a t i o n 
i n every month of the y e a r . Any d i a g n o s t i c h o r i z o n s that tend 
to form i n parent m a t e r i a l i n zones of accumulation a r e q u i c k l y 
obscured by f u r t h e r d e p o s i t i o n . 
Man has been the most dynamic f a c t o r a f f e c t i n g pedogenesis 
i n a r i d zones. Over v a s t a r e a s of the Middle E a s t , o v e r g r a z i n g 
and f e l l i n g of the few t r e e s has r e s u l t e d i n c o n s i d e r a b l e s o i l 
e r o s i o n which a l s o reduces the importance of d i a g n o s t i c h o r i z o n s . 
I n i r r i g a t e d a g r i c u l t u r e , although the a r e a s i n v o l v e d a r e 
r e l a t i v e l y s m a l l , man has caused a d i f f e r e n t type of s o i l to 
develop i n c o n t r a s t to those p r o f i l e s which have remained 
r e l a t i v e l y f r e e of h i s i n f l u e n c e . Such s o i l s a r e s u b j e c t e d 
to a moisture regime c h a r a c t e r i s e d by a l t e r n a t i n g periods of 
anaerobic, c o n d i t i o n s , ~ s e v e r e l e a c h i n g and c a p i l l a r y upward 
movement. Very l i t t l e i s known about the e f f e c t s of d i f f e r e n t 
c u l t i v a t i o n p r a c t i c e s on s o i l formation but as a g r i c u l t u r a l 
development i n the a r i d zone assumes g r e a t e r importance, the 
i m p l i c a t i o n s of the techniques must be f u l l y a p p r e c i a t e d . 
Unless t h i s i s the c a s e , t h e r e i s the l i k e l i h o o d of severe e c o l o g i c a l 
damage being caused. 
2.3 Man as a f a c t o r i n a r i d zone pedogenesis - general c o n s i d e r a t i o n s 
I n i r r i g a t e d a g r i c u l t u r e , the h y d r o l o g i c a l regime of a r i d zone 
s o i l s i s reversed. I n s t e a d of upward c a p i l l a r y movement of moisture 
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l e a d i n g to the accumulation of s o l u b l e s a l t s and carbonates 
a t , or near, the s u r f a c e , s t r o n g l e a c h i n g predominates for long 
p e r i o d s . T h i s l e a c h i n g i s f a r more i n t e n s e than t h a t 
experienced by s o i l s i n humid c l i m a t e s , p r i m a r i l y because of 
the e x c e s s i v e amounts of i r r i g a t i o n water a p p l i e d , although i t 
may be accentuated by the e x c e s s i v e p o r o s i t y of l i g h t t extured 
s o i l s , and i t r e s u l t s i n the washing down of s o l u b l e s a l t s and 
carbonates. I f drainage w i t h i n the s o i l i s a t a l l r e s t r i c t e d 
not only do the s o l u b l e s a l t s tend to accumulate a f f e c t i n g the 
growth of p l a n t s , but a l s o hydromorphi'sm may r e s u l t w i t h adverse 
a i r / m o i s t u r e r a t i o s . A c l a s s i c example of t h i s e x i s t e d at 
Q a t i f o a s i s , Saudi A r a b i a , p r i o r to the i n i t i a t i o n of a 
comprehensive drainage and development programme i n 1963. The 
d e t r i m e n t a l e f f e c t s of hydromorphism accompanied by e x c e s s i v e 
s a l i n i t y a r e c l e a r l y v i s i b l e by c o n s t r i c t i o n s i n the trunks of 
the date palms, which are about the most r e s i s t a n t of a l l commercial 
crops to high s a l i n i t y i n the s o i l . I n c o n t r a s t , e x c e s s i v e 
i r r i g a t i o n a p p l i c a t i o n s can be b e n e f i c i a l i n t h a t harmful s a l t s 
c an be washed out of the r o o t i n g zone of p l a n t s , provided t h e r e 
i s good drainage, and t h i s has been a f a c t o r i n the s u c c e s s of the 
Tendaho P l a n t a t i o n s i n E t h i o p i a ( a s w i l l be seen s u b s e q u e n t l y ) . 
C u l t i v a t i o n , whether of t r a d i t i o n a l date gardens or of 
modern commercial p l a n t a t i o n s , has r e s u l t e d i n the mixing of the 
t o p s o i l , thus c o n c e a l i n g any n a t u r a l pedogenetic d i f f e r e n c e s i n 
the s u r f a c e h o r i z o n s . Even w i t h the s i m p l e s t a g r i c u l t u r a l 
implements, such as the digging s t i c k or hoe, mixing of the 
t o p s o i l produces a very c h a r a c t e r i s t i c h o r i z o n , though i t s t h i c k n e s s 
-27-
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C o n s t r i c t i o n s i n the trunks of date palms, Q a t l f o a s i s , S;>urii A r a b i a . 
These were caused by waterlogRing and e x c e s s i v e s a l i n i t y but subsequent 
lane) reclamation, i n c l u d i n g drainage has allowed normal Krowth. 
i s not n e a r l y so great as t h a t formed as a r e s u l t of mechanical 
o p e r a t i o n s . Cropping, over a period of time, not only leads to 
an accumulation of organic matter i n the t o p s o i l , but w i l l a l s o 
be a d r a i n on the f e r t i l i t y s t a t u s of the s o i l u n l e s s manures 
and/or a r t i f i c i a l f e r t i l i s e r s a r e a p p l i e d . While the o l d date 
gardens have always had some manure added a n n u a l l y , some of the 
new smal l h o l d i n g s have been r e l u c t a n t to apply e i t h e r manure or 
f e r t i l i z e r s and impoverishment of the s o i l has q u i c k l y taken 
p l a c e . 
With the i n t r o d u c t i o n of i r r i g a t e d a g r i c u l t u r e , man a l s o 
i n f l u e n c e s the m i c r o c l i m a t e and changes the v e g e t a t i o n . Both 
a r e important f a c t o r s i n s o i l formation and any a l t e r a t i o n to them 
has an i n d i r e c t i n f l u e n c e on the s o i l p r o f i l e . For i n s t a n c e , 
r e d u c t i o n s i n temperature and i n c r e a s e s i n humidity occur i n 
date gardens as a r e s u l t of the shade, provided by the palm 
t r e e s , and i r r i g a t i o n (Bowen-Jones e t . a l , , 1967). D i r e c t 
i n s o l a t i o n of the s o i l i s s u b s t a n t i a l l y reduced, r e s u l t i n g i n 
lower s o i l temperatures, and these environmental changes 
p a r t i c u l a r l y i n f l u e n c e the m i c r o - b i o l o g i c a l a c t i v i t y w i t h i n 
the s o i l . I n the e a s t e r n p a r t of the Arabian P e n i n s u l a , l u c e r n e 
has become a major crop, not only on the newer s m a l l h o l d i n g s 
but a l s o i n the t r a d i t i o n a l date gardens, but nodulation i s very 
r a r e , even w i t h i n n o c u l a t e d seed. Good y i e l d s a r e obtained 
but the b a c t e r i a r e q u i r e d to s t i m u l a t e nodulation do not appear to 
a b l e to s u r v i v e the high i n t e n s i t y of d i r e c t i n s o l a t i o n and/or 
the p e r i o d i c waterlogging r e s u l t i n g ^ f r o m i r r i g a t i o n . C o n d i t i o n s , 
f o r n o d u l a t i o n , appear to be more favourable when i n s o l a t i o n i s 
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reduced and c o n t r o l l e d i r r i g a t i o n techniques p r a c t i s e d a s , f o r 
i n s t a n c e , on r e s e a r c h s t a t i o n s and experimental farms. 
A g r i c u l t u r e r e s u l t s i n the s u b s t i t u t i o n of p l a n t s 
e c o l o g i c a l l y adapted to the environment by ones f o r which there 
a r e commercial demands and which may be l e s s w e l l adapted. Each 
s p e c i e s has i t s own s p e c i f i c n u t r i e n t requirements and, w i t h 
continuous cropping of a s p e c i e s , t h e r e i s a p r o g r e s s i v e d e c l i n e 
i n the q u a n t i t y of n u t r i e n t s a v a i l a b l e i n the s o i l u n l e s s 
f e r t i l i z e r s a r e a p p l i e d or weathering w i t h i n the s o i l solum 
provides an adequate replacement. T h i s i s p a r t i c u l a r l y 
important i n a r i d zone s o i l s where the i n h e r e n t f e r t i l i t y i s 
g e n e r a l l y very low. Rooting zones, too, vary from p l a n t to 
p l a n t . Lucerne r o o t s to a f a r g r e a t e r depth than e i t h e r wheat 
or b a r l e y , w h i l e i t s water requirements a r e f a r g r e a t e r due to 
i t s l a r g e r l e a f a r e a . 
As a consequence of these f a c t o r s , the s o i l t h a t develops 
as a r e s u l t of c u l t i v a t i o n i s very d i f f e r e n t from the n a t u r a l 
s o i l i n i t s p h y s i c a l , chemical and b i o l o g i c a l p r o p e r t i e s . 
Unless c a r e i s taken w i t h the a g r i c u l t u r a l techniques, a s o i l 
may develop having p r o p e r t i e s t h a t a r e e n t i r e l y unfavourable 
for c u l t i v a t i o n and i n s t e a d of ma i n t a i n i n g or even improving a 
n a t u r a l r e s o u r c e , man i s d e s t r o y i n g i t . The succeeding c h a p t e r s 
a r e c a s e s t u d i e s i l l u s t r a t i n g a r eas and s i t u a t i o n s where man has 
a f f e c t e d a r i d zone s o i l s through the medium of i r r i g a t e d a g r i c u l t u r e . 
I n some c a s e s h i s e f f e c t has been b e n e f i c i a l , i n o t h e r s , d e t r i m e n t a l , 
to s o i l a s a r e s o u r c e . 
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2.4 Previous work on man as a s o i l forming f a c t o r i n a r i d zones 
The c u r r e n t study b a s i c a l l y i n c l u d e s t h r e e elements:-
( i ) a study of the e f f e c t s of d i f f e r e n t a g r i c u l t u r a l p r a c t i c e s 
i n c l u d i n g ones r e c e n t l y introduced, on s o i l c h a r a c t e r i s t i c s i n 
t r a d i t i o n a l o a s i s a r e a s . 
( i i ) a study of the e f f e c t s of monoculture, i n t h i s i n s t a n c e 
cotton,, i n an area of r e l a t i v e l y new a g r i c u l t u r a l development. 
( i i i ) an assessment of the r a t e a t which s o i l can form from 
raw mineral p a r t i c l e s , as a r e s u l t of anthropogenic f a c t o r s . 
For each of these elements, the amount, and nature, of previous 
work has been very v a r i a b l e and, at times, the r e s u l t s have been 
very i n c o n s i s t e n t . To the author's knowledge, none of these 
approaches have been a p p l i e d to the areas under study. 
2 . 4 ( i ) Work on s o i l s of t r a d i t i o n a l oases 
B u t t e r s , the A s s i s t a n t D i r e c t o r of the Commonwealth Bureau 
of S o i l s , i n a p e r s o n a l communication, comments that 'not very 
much has been w r i t t e n on t h i s s u b j e c t . ' The l i m i t e d l i t e r a t u r e 
r e f e r s mainly to oases of two areas - North A f r i c a and S o v i e t 
C e n t r a l A s i a . A c o n s i d e r a b l e amount of the l i t e r a t u r e on the 
l a t t e r area i s i n R u s s i a n . 
E a r l y p u b l i s h e d work on d e s e r t s o i l s was mainly d i r e c t e d 
towards the g e n e s i s and c l a s s i f i c a t i o n of v i r g i n s o i l s so t h a t 
i r r i g a t e d a r e a s might be expanded. Thus, i n North A f r i c a , 
Senoonover and h i s co-workers (1957) s t u d i e d s a l i n e and a l k a l i n e 
s o i l s i n Egypt w h i l e E l g a b a l y and Khadr (1962) c a r r i e d out c l a y 
m i neral s t u d i e s to determine whether there was any g e n e t i c 
r e l a t i o n s h i p between Kharga o a s i s s o i l s and those of the N i l e D e l t 
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Papers by Moustafa e t . a l . (1958) and Mohammed e t . a l . (1959), 
d e a l i n g with s o i l s i n the Kharga and Dakhla oases, r e s p e c t i v e l y , 
gave l i t t l e more than s u p e r f i c i a l d e s c r i p t i o n s of s o i l s , accompanied 
by t a b l e s of a n a l y t i c a l data, along with more comprehensive 
recommendations fo r r e c l a m a t i o n . E l F e k i h and Pouget (1966) 
gave comprehensive d e s c r i p t i o n s of 'date palm loams' i n the 
oases of southern T u n i s i a and they d e f i n e t h r e e s o i l h o r i z o n s . 
The s u r f a c e horizon was approximately 30 cms deep and contained 
up to 3% organic matter, w h i l e the middle horizon was 20-150 cms 
i n t h i c k n e s s , had lower organic matter contents (0.5-1%) and a l s o 
showed some s i g n s of hydromorphism. The deep horizon was a f f e c t e d 
by the water t a b l e which had caused the formation of a gley 
horizon w i t h gypsum c r u s t s . 
In a comparison of old i r r i g a t e d s o i l s of the Kara-Kum 
and Libyan d e s e r t s , Minashina (1966) comments t h a t 'the i n f l u e n c e 
of c u l t i v a t i o n on i r r i g a t e d s o i l s i s so great t h a t zonal f a c t o r s 
a r e s t r o n g l y masked and upon prolonged i r r i g a t i o n s o i l s form 
anew from m a t e r i a l s u p p l i e d by i r r i g a t i o n waters and f e r t i l i z e r s . ' 
The two ar e a s d i s c u s s e d had much i n common and d e s p i t e d i s t i n c t 
z o n a l d i f f e r e n c e s the s o i l s were s i m i l a r i n make-up and p r o d u c t i v i t y . 
Gorbunov ( i n Kovda and Lobova,1965) summarises the reasons f o r 
t h i s s i m i l a r i t y . These a r e 
' ( i ) the development of an e l u v i a l p r o c e s s under the 
i n f l u e n c e of a d d i t i o n a l moistening by i r r i g a t i o n water 
( i i ) . formation of a new ' a g r o - i r r i g a t i o n a l ' s o i l horizon by 
the i n t a k e of suspended p a r t i c l e s and d i s s o l v e d substances 
i n such water 
( i i i ) i n c r e a s e i n b i o l o g i c a l a c t i v i t y and i n the accumulation 
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of b i o l o g i c a l l y a c t i v e elements w i t h i n the s o i l , 
because of the c u l t i v a t e d crops and farming p r a c t i s e s . ' 
More r e c e n t work on o a s i s s o i l s has tended to c o n c e n t r a t e on 
the b i o t i c a s p e c t s . Almost a l l workers have commented on the 
i n c r e a s e i n o r g a n i c matter as a r e s u l t of i r r i g a t i o n , but few 
d e t a i l e d s t u d i e s have been made. However, Rougieux (1966) i s o l a t e d 
two e f f e c t i v e s t r a i n s of Rhizobium from l u c e r n e growing i n E l Ahane 
o a s i s , A l g e r i a . B r y s s i n e (1967) examined the micro-organisms p r e s e n t 
i n o a s i s s o i l s and, w h i l e f i n d i n g t h a t a l l p h y s i o l o g i c a l types 
were r e p r e s e n t e d , concluded t h a t numbers were g r e a t e s t under 
t r a d i t i o n a l forms of c u l t i v a t i o n . 
R u s s i a n work has mainly been concerned with changes t a k i n g 
p l a c e i n o r g a n i c matter content and composition caused by d i f f e r e n t 
t i l l a g e methods and t h e i r e f f e c t on the n u t r i e n t s t a t u s of the s o i l 
( e . g . S h e v l y a g i n , 1969). Kononova (1961) summarises R u s s i a n 
r e s e a r c h work on the decomposition of humus f o l l o w i n g the 
c u l t i v a t i o n of v i r g i n serozem s o i l s . 'These works i n d i c a t e 
an extremely r a p i d decomposition of o r g a n i c matter a t t r i b u t a b l e 
to the higher i n t e n s i t y of b i o l o g i c a l p r o c e s s e s i n i r r i g a t e d 
serozems.' T h i s decomposition was g r e a t e s t under cotton 
' r e c e i v i n g repeated i r r i g a t i o n and p e r i o d i c loosening of the 
s o i l during the growth p e r i o d ' where about one h a l f of the t o t a l 
r e s e r v e of humus i s decomposed i n the f i r s t 3-5 y e a r s . 
A second approach of R u s s i a n r e s e a r c h has been to i n v e s t i g a t e 
changes i n v i r g i n s o i l s caused by t h e i r c u l t i v a t i o n . Many of 
the a r e a s now c u l t i v a t e d i n the a r i d r e g i o n of the U.S.S.R. have 
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r e q u i r e d e x t e n s i v e a m e l i o r a t i o n before they were s u i t a b l e f o r 
c u l t i v a t i o n , often on account of the s o l u b l e s a l t s p r e s e n t . Much 
work has t h e r e f o r e been c a r r i e d out i n t o the e f f e c t s of d i f f e r e n t 
m e l i o r a t i v e p r a c t i c e s , not only on s o i l p r o p e r t i e s but a l s o on 
subsequent crop y i e l d s . Yegorov and Letunov (1966) d e f i n e 
the main t a s k s of m e l i o r a t i v e s o i l s c i e n c e as being to e v a l u a t e 
the degree of s u i t a b i l i t y of d i f f e r e n t lands f o r drainage or 
i r r i g a t i o n , to j u s t i f y the methods f o r b a s i c improvement of 
s o i l s f o l l o w i n g drainage or i r r i g a t i o n , and to d e v i s e s c i e n t i f i c -
a l l y sound ways of c o n s e r v i n g and i n c r e a s i n g the f e r t i l i t y of 
m e l i o r a t e d s o i l s . To t h i s end, s t u d i e s have been made, i n 
p a r t i c u l a r , of the causes and types of s a l i n i s a t i o n o c c u r r i n g 
i n the s o i l . Stemming from such work i s the f i n d i n g of 
Minashina (1968), when s t u d y i n g s o i l formation and s a l t m igration 
i n the Murgab o a s i s , t h a t s a l t m i g r a t i o n could be a c t i v e i n 
the top 10-13 metres of the s o i l . 
2 . 4 ( i i ) Research work used on s o i l s used f o r c o t t o n c u l t i v a t i 
Because of the-commercial s i g n i f i c a n c e of c o t t o n , most 
s t u d i e s have been concerned w i t h agronomic a s p e c t s of s o i l 
c h a r a c t e r i s t i c s , i n p a r t i c u l a r the r e l a t i o n s h i p of crop y i e l d s 
to d i f f e r e n t s o i l f a c t o r s . I n the Sudan G e z i r a , e x c e s s i v e l y 
s a l t y a r e a s have not been c u l t i v a t e d and, i n 1941, Snow introduced 
the concept of the sodium value as being the main determinant to 
c o t t o n y i e l d . The sodium v a l u e was e s s e n t i a l l y s i m i l a r to the 
exchangeable sodium percentage (ESP) and s o l u b l e sodium percentage 
However, F i n c k (1959) considered t h a t the c l a y content might be 
a more r e l i a b l e i n d i c a t o r of y i e l d . I n c o n j u n c t i o n with Ochtman 
(1961) he suggested a c l a y - y i e l d formula of 
Y = - 49.3 + 2.57X 
Y r e p r e s e n t s the percent r e l a t i v e y i e l d of cotton and X the 
percent c l a y content i n the 0-40 cm l a y e r and i t was c o n s i d e r e d 
t h a t the formula was v a l i d f o r s o i l s c o n t a i n i n g 40-70% c l a y . 
More r e c e n t work by Robinson (1971) has shown t h a t ESP i s an 
important c h a r a c t e r i s t i c a f f e c t i n g crop y i e l d and an optimum 
ESP range of 6-25 i s p o s t u l a t e d , 'This l e v e l , which i s 
higher than u s u a l l y recommended f o r c u l t i v a t i o n on other 
k i n d s of s o i l , i s probably b e s t e x p l a i n e d by the a v a i l a b i l i t y 
of s o i l moisture i n t h i s ESP range i n these s o i l s . ' 
Other s t u d i e s on s o i l s used f o r the c u l t i v a t i o n of c o t t o n 
have r e l a t e d to the f e r t i l i t y s t a t u s , to i r r i g a t i o n r a t e s and 
to p l a n t i n g techniques, a l l w i t h the aim of i n c r e a s i n g y i e l d . 
Pinck (1960) found t h a t on G e z i r a s o i l s cotton y i e l d s improved 
wi t h i n c r e a s i n g organic carbon and n i t r o g e n i n the s o i l , w h i l e 
y i e l d s on the Tendaho p l a n t a t i o n s , E t h i o p i a , improved by about 
15% as a r e s u l t of the a p p l i c a t i o n of nitrogenous f e r t i l i z e r s 
(Hampson, 1972, p r i v a t e communication). I r r i g a t i o n r a t e s 
and e v a p o t r a n s p i r a t i o n from cot t o n f i e l d s i n a r i d a r e a s have 
been s t u d i e d i n c o n s i d e r a b l e • d e t a i l i n order t h a t a s c a r c e 
r e s o u r c e , water, might be conserved. An example of t h i s type 
of work, having p a r t i c u l a r r e f e r e n c e to the Middle E a s t i s t h a t 
of R i j k s ( 1 9 6 3 ) . Often r e l a t e d to water u t i l i s a t i o n , but a l s o 
to production c o s t s , have been s t u d i e s of p l a n t i n g techniques, 
Longenecker and h i s co-workers ( 1 9 6 9 ) , f o r i n s t a n c e , found t h a t 
v a r i a b l e row spacing, c o n s i s t i n g o f - a l t e r n a t e wide (137 cms) and 
narrow (66 cms) rows, w i t h i r r i g a t i o n furrows only between the 
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66 eras rows, not only r e s u l t e d i n more e f f i c i e n t u t i l i s a t i o n of 
water but a l s o more e f f e c t i v e weed c o n t r o l . Y i e l d s were 
maintained. 
A c e r t a i n amount of work has been c a r r i e d out on the e f f e c t 
of cotton c u l t i v a t i o n on s o i l c h a r a c t e r i s t i c s a t the G e z i r a 
Research S t a t i o n , Sudan. I t must be borne i n mind t h a t 'Gezira 
c l a y , an a l k a l i n e , almost impermeable, h i g h l y c r a c k i n g mont-
m o r i l l o n i t e behaves so very d i f f e r e n t l y i n almost every r e s p e c t 
from the normal, well-aggregated s o i l s of the textbook, t h a t 
the orthodox approach, v i a f i e l d c a p a c i t y , has f a i l e d e n t i r e l y 
to provide a s a t i s f a c t o r y understanding of what happens when 
water i s a p p l i e d to a f i e l d ' . ( F a r b r o t h e r , 1972). On these 
c l a y s o i l s , Greene and Peto (1934) suggested t h a t during a 
i 
normal i r r i g a t i o n c y c l e there was very l i t t l e change i n the 
d i s t r i b u t i o n of s o l u b l e s a l t s i n the top 2 metres of the s o i l . 
They concluded t h a t w h i l e t h e r e may be a s m a l l downward movement 
of s a l t s , t h e r e i s no upward movement. J e w i t t and Middleton 
(1953) followed up t h i s e a r l i e r work and i n t e r p r e t e d t h e i r r e s u l t s 
'as showing t h a t s o l u b l e s a l t s other than gypsum show a s m a l l 
d i f f e r e n t i a l movement i n response to i n c r e a s e d i r r i g a t i o n , w h i l e 
a r a t h e r l a r g e r downward movement of gypsum has taken p l a c e . ' 
Even w i t h two y e a r s of f a l l o w f o l l o w i n g a cotton crop t h e r e was 
no evidence of an i n c r e a s e i n s o l u b l e s a l t s or of the zone of 
gypsum accumulation r i s i n g towards the s u r f a c e . 
Perhaps the most important work on cotton growth i n the 
G e z i r a has been a symposium to mark the 50th A n n i v e r s a r y of the 
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G e z i r a Research S t a t i o n . P u b l i s h e d as 'Cotton Growth i n the 
G e z i r a Environment' ( E d i t o r s , S i d d i q and Hughes, 1970) a paper 
by R a i d i s c u s s e d the long term e f f e c t of i r r i g a t e d cotton on 
the G e z i r a s o i l . R a i a s s e s s e d previous work on t h i s s u b j e c t 
and came to a number of c o n c l u s i o n s : 
( i ) Water-soluble s a l t s . Some doubt was c a s t on the 
v a l i d i t y of J e w i t t and Middleton's work and i t was commented 
t h a t , because of an absence of o r i g i n a l s o i l data ' i t cannot 
be s a i d s a f e l y t h a t no change has taken p l a c e i n the p l o t s s i n c e 
the experiment s t a r t e d i n 1931. A p e r u s a l of r e s u l t s of a l l 
the work done during the past f o r t y y e a r s or so shows c l e a r l y 
t h a t i r r i g a t i o n caused both accumulation i n and removal of s a l t s 
from the s o i l . I t should be remembered t h a t the s t u d i e s were 
done on d i f f e r e n t s i t e s . ' 
( i i ) Exchangeable p l u s s o l u b l e sodium. Again evidence 
was c o n f l i c t i n g . I n some circums t a n c e s t h e r e had been an 
i n c r e a s e i n the exchangeable p l u s s o l u b l e sodium content, w h i l s t 
i n o t h e r s t h e r e had been a d e c r e a s e . 
( i i i ) pH. D i f f e r e n t r o t a t i o n s had had no e f f e c t on pH values.. 
( i v ) Calcium carbonate content. Some i n c r e a s e i n the ca l c i u m 
carbonate content .of the l a r g e r than 1 mm s i z e f r a c t i o n was recorded 
as a r e s u l t of i r r i g a t i o n due to the i r r i g a t i o n water c o n t a i n i n g 
a p p r e c i a b l e amounts of c a l c i u m carbonate (about 49 ppm according to 
Joseph, 1925). 
( v ) Organic carbon and n i t r o g e n . Amounts of organic carbon 
and .nitrogen i n the t o p s o i l samples from continuous cotton p l o t s 
were l e s s than i n p l o t s with f a l l o w p e r i o d s incorporated i n t o the 
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r o t a t i o n . The opposite trend was apparent i n s u b s o i l samples. 
Thus few c l e a r trends were apparent i n the s o i l as a r e s u l t of 
cotton c u l t i v a t i o n , but t h i s may be e x p l a i n e d , i n p a r t , by an 
absence of r e l i a b l e s o i l data p r i o r to the s t a r t of experimentation, 
and to the f a c t t h a t the experiments have, i n l a r g e p a r t , been 
c a r r i e d out on a v a r i e t y of s i t e s which p r e c l u d e s comparison of 
d a t a . 
2 . 4 ( i i i ) S t u d i e s on the e v o l u t i o n of a s o i l from raw m i n e r a l 
p a r t i c l e s i n a d e s e r t environment. 
To the author's knowledge, no previous work has been c a r r i e d 
out on the e f f e c t s of anthropogenic p r o c e s s e s c a u s i n g the 
t r a n s f o r m a t i o n of raw m i n e r a l p a r t i c l e s , or ' p r e - s o i l ' , i n t o 
a s o i l having b i o l o g i c a l p r o p e r t i e s . The sand s t a b i l i s a t i o n 
p r o j e c t a t A l Hasa p r o v i d e s a unique opportunity to undertake 
such a study under a given s e t of environmental and 
anthropogenic c o n d i t i o n s . 
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PART TWO 
CASE STUDIES 
CHAPTER 3 
The e f f e c t s of h o r t i c u l t u r a l p r a c t i s e s and t r a d i t i o n a l date 
c u l t i v a t i o n on s o i l c h a r a c t e r i s t i c s , Ras-al-Khaimah 
3.1 The P h y s i c a l Environment 
The lowland a r e a of Ras-al-Khaimah i s mainly composed of 
sedimentary d e p o s i t s d e r i v e d from e r o s i o n of the R u u s - a l - J i b a l / H a j a r 
highlands to the ea s t (fig„2). The l a t t e r r i s e to a height 
of over 2000 metres and a r e mainly composed of limes t o n e s , 
dolomites and marls of Permian to Upper Cretaceous age. E r o s i o n 
of t h i s upland area has taken p l a c e i n s e v e r a l stages and t h i s 
has r e s u l t e d i n a complex sequence of outwash d e p o s i t s . The 
e f f e c t s of Quaternary events on s o i l development have been 
summarised by Stevens•(1969a) . 
In the area under study, there a r e two types of outwash -
the outwash fans that have c o a l l e s c e d and been modified to form 
the J i r i P l a i n , and the s m a l l e r , w e l l - d e f i n e d fans t h a t occur 
along the mountain edge, north of Habhab. The e r o s i o n of the 
uplands, and the subsequent t r a n s p o r t a t i o n of the eroded m a t e r i a l , 
was most marked during p l u v i a l p e r i o d s . T h i s a c c o r d i n g to 
Butze r (1963), corresponded to the Wurm E a r l y G l a c i a l p e r i o d i n 
Europe. A f t e r the p l u v i a l p e r i o d , as the c l i m a t e became 
p r o g r e s s i v e l y d r i e r and/or h o t t e r , evaporation of a high water 
t a b l e r e s u l t e d i n the formation of gypsum c r u s t s , r e l i c s of 
which can s t i l l be found f u r t h e r south on the G h a r i f and Madam 
P l a i n s . At the same time, o c c a s i o n a l heavy r a i n f a l l s r e s u l t e d 
i n the e r o s i o n of the outwash fans c a u s i n g them to become deeply-
trenched w h i l e the f i n e sediments ( s i l t s and c l a y s ) were 
-38-
Sabkha deposits 
NEOGENE 
Gravel plains (MIOCENE TO RECENT) 
Desert foreland 
Limestones and marls 
Radiolarite series CRETACEOUS 
with marls UPPER J 
Serpentinites and other 
basic igneous rocks 
V Limestone and 
TO JURASSIC dolomites 
Dolomites and FRIASSiC TO 
limestone PERMIAN 
\ RAS-AL 
KHAIMAH 
KMS 
• 
DIGDAGA 
UMM AL 
(7 
0 
SHARJAH 
f) 
DHAID 
Fig.2 
The Geology of Ras-al-Khaimah (based on S i r W.Halcrow and Partners, 1969) 
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deposited f u r t h e r west. A p e r i o d of a e o l i a n a c t i v i t y then followed 
which r e s u l t e d i n the p a r t i a l i n f i l l i n g of the e r o s i o n g u l l i e s 
w h i l e sand dunes, encroaching from the west, p a r t i a l l y covered 
the f i n e d e p o s i t s . The main i n f i l l i n g of the e r o s i o n g u l l i e s , 
however, took p l a c e during a s u b - p l u v i a l period, o c c u r r i n g 
probably i n N e o l i t h i c times ( B u t z e r , 1961), when there was a 
p a r t i a l r e t u r n to c o n d i t i o n s when r a i n f a l l was more e f f e c t i v e . 
The m a t e r i a l t h a t i n f i l l e d the g u l l i e s was washed o f f the 
s u r f a c e of the outwash f a n s . T h i s s u b - p l u v i a l p e r i o d was a l s o 
probably r e s p o n s i b l e for the w e l l - d e f i n e d outwash fans t h a t 
occur north of Habhab. The fans show no evidence of e r o s i o n and 
s l o p e s of these outwash fans (8-10°) a r e a p p r e c i a b l y g r e a t e r 
than those o c c u r r i n g over the J i r i P l a i n ( l e s s than 3°). The 
s u r f a c e of the J i r i P l a i n has become f u r t h e r smoothed by a e o l i a n 
a c t i v i t y t h a t has p r e v a i l e d s i n c e the s u b - p l u v i a l p e r i o d , 
accompanied by l i m i t e d sheet-flow. The sand dunes have f u r t h e r 
encroached w i t h the r e s u l t t h a t the f i n e s t outwash d e p o s i t s a r e 
now e n t i r e l y covered by sand dunes. The J i r i P l a i n thus c o n s i s t s 
almost e n t i r e l y of the c o a r s e and medium tex t u r e d outwash d e p o s i t s 
and the r e s t r i c t e d a r e a s of heavy t e x t u r e d m a t e r i a l found along 
the western edge of the p l a i n r e f l e c t s contemporary d e p o s i t i o n 
by l i m i t e d sheet flow a c r o s s the p l a i n . 
North of Digdaga and F a h l a i n , the are a between the outwash 
f a n s , formed during the s u b - p l u v i a l p e r i o d , and the sand dunes i s 
i l l - d r a i n e d and made up of heavy t e x t u r e d sediments, s i l t s and 
c l a y s . These d e p o s i t s a r e both s a l i n e and a l k a l i n e , and r e f l e c t 
a former i n l a n d e x t e n s i o n of the Ras-al-Khaimah lagoon which i s now 
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only a f r a c t i o n of i t s former s i z e . 
T h i s p a r t of the Arabian P e n i n s u l a has a hot a r i d d e s e r t 
c l i m a t e with high summer temperatures and warm w i n t e r s with some 
r a i n f a l l . There a r e , however, no long term m e t e o r o l o g i c a l 
r e c o r d s f o r Ras-al-Khaimah - a r a i n gauge was only i n s t a l l e d a t 
Digdaga A g r i c u l t u r a l S t a t i o n i n 1959 with a d d i t i o n a l equipment 
being added i n the mid-1960s. However, a t S h a r j a h , some 75 kms 
from Ras-al-Khaimah but a l s o on the Arabian G u l f Coast, a f u l l 
range of m e t e o r o l o g i c a l o b s e r v a t i o n s have been kept s i n c e 1950, 
wh i l e r a i n f a l l r e c o r d s date back to 1934. 
The c o l d e s t months a t S h a r j a h a r e December and January w i t h 
mean minimum temperatures of about 7°C, w h i l e J u l y and August 
a r e the h o t t e s t months w i t h mean maximum temperatures of about 
o o 43 C. Temperatures below 0 C have not been recorded a t S h a r j a h 
but the s t a t i o n a t Digdaga, about 12 kms i n l a n d from Ras-al-Khaimah, 
recorded a temperature of -0.6°C i n February 1967. With 
i n c r e a s i n g d i s t a n c e from the sea the frequency of occurrence 
of such temperatures w i l l undoubtedly i n c r e a s e . A consequence 
of the high summer temperatures i s th a t the Arabian G u l f i s noted 
f o r i t s high h u m i d i t i e s , though i t has been suggested ( S i r W. 
Halcrow and P a r t n e r s , 1969) t h a t the h i g h e s t r e l a t i v e h u m i d i t i e s 
occur during the w i n t e r months. Nonetheless, high summer 
h u m i d i t i e s can make summer working c o n d i t i o n s very d i f f i c u l t 
e s p e c i a l l y during the months May to October i n c l u s i v e . There i s 
a l s o a high r a t e of evaporation during the summer months and a 
U.S. Weather Bureau Claras A pan was i n s t a l l e d a t Digdaga i n 1966. 
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The average d a i l y evaporation r a t e s ( i n rams) over the period 
October 1966 - September 1969 have been as f o l l o w s : -
. 0 N D J F M A M J J A S 
Eva p o r a t i o n 8.0 6.1 4.2 4.0 4.3 7.2 8.2 10.5 11.9 13.1 12.0 10.0 
(nuns) 
I n no month did r a i n f a l l exceed the evaporation as recorded by the 
pan. 
The average annual r a i n f a l l a t S h a r j a h amounts to about 103 
M 
nuns f a l l i n g mainly i n the months November to ay. There a r e great 
annual v a r i a t i o n s which have ranged from 0.3 mms i n 1961/62 to over 
258 mms i n 1956/57. Much of t h i s r a i n f a l l s as l o c a l i s e d showers 
and a r a i n y day a t S h a r j a h does not n e c e s s a r i l y mean th a t r a i n 
w i l l f a l l a t Digdaga ( t a b l e 3 . 1 ) . Furthermore, because of the 
l o c a l i s e d nature of the r a i n f a l l , t here a r e c o n s i d e r a b l e d i s p a r i t i e s 
i n annual r a i n f a l l t o t a l s between the two s t a t i o n s ( t a b l e 3 . 2 ) . 
Sandstorms can a l s o have an important e f f e c t on a g r i c u l t u r e 
and these mainly occur between January - March and August •• October. 
Hutton (1964) considered t h a t a windspeed of 17-18 knots was 
s u f f i c i e n t to move loose sand, w h i l e once the windspeed exceeded 
20 knots then a t r u e sandstorm developed. Such winds a r e most 
common i n March when the predominant wind d i r e c t i o n i s W or WNW 
and consequently the a g r i c u l t u r a l a r e a s of Ras-al-Khaimah tend to 
be a f f e c t e d by blown sand d e r i v e d from the d e s e r t to the west. 
The c u l t i v a t e d area of Ras-al-Khaimah i s shown i n f i g . 3 . 
The o l d e s t forms of c u l t i v a t i o n a r e the date gardens which a r e 
l o c a t e d around the v i l l a g e s of Habhab, Khatt and F a h l a i n , and a l s o 
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Table 3.2 
Annual r a i n f a l l , S h a r j a h and Digdaga 
• 1 Annual r a i n f a l l - mms j 
• 
Year S h a r j a h Digdaga : 
i 
1959/60 47.6 
] 
i 
138.0 j 
1960/61 39.3 149.7 | 
19G1/62 
• 
0.3 51.7 
1962/63 227.9 158.7 
1963/64 127.6 195.5 
1964/65 122.9 153.2 
1965/66 
i 
60.8 61.0 
j 
1 1966/67 
i 
11.5 17.5 1 
1 1967/63 81.8 66.6 j 
i 
I 1963/69 
i 
139.8 i 
118.6 j 
i 
Sources: T r u c i a l S t a t e s C o u n c i l data 
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i n a c r e s c e n t i c a r c on the edge of an outwash fan adja c e n t to 
the e x t e n s i o n of the lagoon. Some of these gardens have 
probably been c u l t i v a t e d f o r many hundreds of y e a r s f o r Ras-
al-Khaimah i s an o l d settlement and po r t - e x c a v a t i o n s t h e r e 
have r e v e a l e d the presence of potsherds d a t i n g back to a t 
l e a s t the 13th century A.D. I r r i g a t i o n water f o r the date 
gardens was mainly d e r i v e d from s u b - s u r f a c e flow, through the 
g r a v e l f a n s . T h i s r e f l e c t e d r u n - o f f from the mountains and 
consequently tended to be u n r e l i a b l e . Furthermore, i t had 
to be at shallow depth so t h a t i t could be e x p l o i t e d by 
p r i m i t i v e l i f t i n g d e v i c e s . However, between Khatt and 
Habhab, a f a l a j ( F a l a j U s a y l i ) was c o n s t r u c t e d , w h i l e the 
date gardens of these two v i l l a g e s were a d d i t i o n a l l y i r r i g a t e d 
by s p r i n g water. The s p r i n g water i s hot, about 39°C 
compared w i t h temperatures of about 30°C f o r groundwater 
beneath the outwash p l a i n s , and i s s u e s from limestone of 
J u r a s s i c - C r e t a c e o u s age. W h i l s t no s i g n i f i c a n t d i u r n a l or 
s e a s o n a l v a r i a t i o n s i n water temperature have been observed, 
the s a l i n i t y f l u c t u a t e s between 2.3 and 2.9 mmhos/cm ( S i r W. 
Halcrow and P a r t n e r s , 1966). 
The s h a l l o w groundwater and the s p r i n g s only provided 
i r r i g a t i o n water s u f f i c i e n t f o r the t r a d i t i o n a l forms of 
a g r i c u l t u r e . With the r e c e n t r a p i d development of a g r i c u l t u r e , 
the t r a d i t i o n a l sources of water were no longer adequate and new 
sources of supply were e s s e n t i a l . These have been d i s c o v e r e d 
by S i r W. Halcrow and P a r t n e r s i n the sediments of the J i r i 
P l a i n which a r e composed of t h i c k d e p o s i t s of g r a v e l a l t e r n a t i n g 
with s i l t y and sandy h o r i z o n s . Groundwater i s g e n e r a l l y found 
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a t depths of l e s s than 50 metres above an a q u i c l u d e formed 
by c a l c i u m carbonate cementation. T h i s groundwater i s 
recharged by r u n o f f from the mountains - i t i s disgorged 
by the mountain wadis onto the outwash p l a i n s where i t 
q u i c k l y s i n k s below the s u r f a c e to r e p l e n i s h the a q u i f e r s . 
In p eriods of e x c e p t i o n a l l y heavy r a i n f a l l , the r u n o f f may 
flow r i g h t a c r o s s the J i r i P l a i n to be ponded up a g a i n s t the 
sand dunes. I t s l o w l y evaporates or i n f i l t r a t e s i n t o the 
s o i l l e a v i n g behind s i l t d e p o s i t s . 
As the s u b s u r f a c e flow approaches the c o a s t , not only 
does the g r a d i e n t of flow decrease but a l s o the water becomes 
more s a l i n e ( f i g . 4 ) . T h i s i n c r e a s e i n s a l i n i t y i s the r e s u l t 
of a number of f a c t o r s . The groundwater not only takes up 
s o l u b l e s a l t s p r e s e n t i n the outwash d e p o s i t s , but a l s o the 
r a p i d development of a g r i c u l t u r e has emphasised the s a l i n i z a t i o n 
p r o c e s s . R e c i r c u l a t i o n of i r r i g a t i o n water, e s p e c i a l l y i n 
the Digdaga - F a h l a i n a r e a has caused an i n c r e a s e i n s a l i n i t y 
(though s h o r t term monitoring by S i r W. Halcrow and P a r t n e r s , 
1969, g i v e s c o n f l i c t i n g evidence) w h i l e i n c e r t a i n s i t u a t i o n s 
there has been a l o c a l lowering of the water t a b l e . T h i s 
could be p o t e n t i a l l y very dangerous fo r t h e r e could be a 
r e v e r s a l of the h y d r a u l i c g r a d i e n t - a t the A g r i c u l t u r a l 
T r i a l s S t a t i o n the groundwater t a b l e i s only about 3 metres 
above mean sea l e v e l . 
3.2 A g r i c u l t u r e 
The c u l t i v a t e d a r e a of Ras-al-Khaimah has expanded enormously 
s i n c e the mid-1950s, some i n d i c a t i o n of the r a t e of t h i s expansion 
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being evident i n f i g . 5 . When the A g r i c u l t u r a l T r i a l s S t a t i o n 
was e s t a b l i s h e d a t Digdaga i n 1954, the only a g r i c u l t u r e p r a c t i s e d 
on any s c a l e was the c u l t i v a t i o n of date gardens. A g r i c u l t u r a l 
p r a c t i c e s have changed l i t t l e i n these t r a d i t i o n a l gardens 
over the c e n t u r i e s - dates a r e the dominant crop grown though 
a few c i t r u s and banana t r e e s may a l s o be c u l t i v a t e d f o r 
s u b s i s t e n c e and l i m i t e d exchange f u n c t i o n s . Only very s m a l l 
a r e a s are given over to v e g e t a b l e s , again f o r s u b s i s t e n c e , 
w h i l e some fodder g r a s s e s a r e grown under the date palms f o r 
l i v e s t o c k . L i v e s t o c k ( c a t t l e , sheep and goats) a r e u s u a l l y 
kept under the shade of the date palms, e s p e c i a l l y during the 
hot summer months, and i t would be during t h i s p eriod of the 
year t h a t the date gardens would r e c e i v e most of t h e i r organic 
manure. Some of the more e n t e r p r i s i n g owners have a p p l i e d 
d r i e d f i s h , of the s a r d i n e v a r i e t y , to i n d i v i d u a l palm t r e e s , 
w h i l e o t h e r s buy i n animal manure from the h i l l t r i b e s . 
I r r i g a t i o n water i s a p p l i e d a t monthly i n t e r v a l s during the 
w i n t e r , but i n summer the r a t e of a p p l i c a t i o n i s somewhat 
g r e a t e r , about once every 7-10 days. 
Commercial s m a l l h o l d i n g s have become e s t a b l i s h e d s i n c e the 
e a r l y 1950s and they now make up the m a j o r i t y of the c u l t i v a t i o n 
u n i t s . T h e i r development has been s t i m u l a t e d by the growth 
of urban markets i n the Gulf a r e a , notably a t Abu Dhabi, Dubai 
and S h a r j a h , though now some f r e s h produce i s a i r f r e i g h t e d 
f u r t h e r a f i e l d . These commercial u n i t s have concentrated on the 
c u l t i v a t i o n of v e g e t a b l e s w i t h only l i m i t e d dependance on t r e e 
c r o p s . One or two of the more p r o g r e s s i v e s m a l l h o l d e r s a r e 
-50-
now devoting a major proportion of t h e i r holdings to t r e e crops 
i n c l u d i n g c i t r u s , bananas, d a t e s , pomegranates, apples, almonds 
and v i n e s . For the s u c c e s s f u l economic c u l t i v a t i o n of these 
c r o p s , r a t h e r more s o p h i s t i c a t e d e x p e r t i s e i s r e q u i r e d , i n c l u d i n g 
a t t e n t i o n to i r r i g a t i o n r a t e s and c o r r e c t f e r t i l i s e r and manurial 
programmes. 
However, most of the 'new' s m a l l h o l d e r s devote most of t h e i r 
h o ldings to the c u l t i v a t i o n of vegeta b l e s and other ground c r o p s . 
The s i z e of an i n d i v i d u a l h o l d i n g i s g e n e r a l l y l e s s than 10 
h e c t a r e s , though an owner may operate more than one holding. 
I r r i g a t i o n water i s s u p p l i e d by pump and d i s t r i b u t i o n w i t h i n 
the holding i s u s u a l l y by u n l i n e d c h a n n e l s . The maximum range 
of crops i s grown i n w i n t e r , i n c l u d i n g tomatoes, aubergines, 
cabbages, c a u l i f l o w e r s , l e t t u c e s , onions, potatoes, c a r r o t s , 
marrows, herbs and peppers. In w i n t e r , i t i s very r a r e f o r 
l e s s than 35% of a holding to be cropped and as much as 65% of 
the a r e a of a hol d i n g may be under v e g e t a b l e s . The s i t u a t i o n i s 
very d i f f e r e n t i n summer when u s u a l l y no more than 40% of the 
hold i n g i s given over to c r o p s , mainly c u c u r b i t s and melons. 
I n some c a s e s the proportion of cropped land may be as low as 
10%. The main reason f o r t h i s low proportion of summer cropping 
i s t h a t , because of the high e v a p o t r a n s p i r a t i o n r a t e s and the 
g e n e r a l high p o r o s i t y of the s o i l s , the pumps-cannot supply more 
than a s m a l l p r o p o r t i o n of the holding with s u f f i c i e n t i r r i g a t i o n 
water. However, i t would seem t h a t a g r e a t e r proportion of the 
hold i n g could be c u l t i v a t e d , both i n summer and w i n t e r , i f th e r e 
was a w i l l i n g n e s s on the p a r t of the sm a l l h o l d e r to use new ideas 
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and t e c h n i q u e s . I t i s the commercial s m a l l h o l d e r s who have 
b e n e f i t e d most from the proximity of Digdaga A g r i c u l t u r a l T r i a l s 
S t a t i o n - the l a t t e r has been important i n i n t r o d u c i n g new crops, 
i n seed s e l e c t i o n and i n c a r r y i n g out f e r t i l i s e r t r i a l s . As 
a r e s u l t , most of the s m a l l h o l d e r s now apply ammonium sulphate 
to ' l e a f y ' v e g e t a b l e s such as cabbages, i n order to a l l e v i a t e 
the low n i t r o g e n s t a t u s of the s o i l . Organic manures a r e a l s o 
a p p l i e d , being mainly obtained from l o c a l Bedu or h i l l t r i b e s , 
w h i l e one or two c u l t i v a t o r s a l s o use humus imported from the 
Lebanon. A very r e c e n t f e a t u r e has been an i n c r e a s i n g use of 
urea by the more p r o g r e s s i v e farmers. 
3.3 The e f f e c t s of c u l t i v a t i o n p r a c t i c e s on s o i l " c h a r a c t e r i s t i c s 
3 . 3 ( i ) U n c u l t i v a t e d s o i l s 
I n a r e c o n n a i s s a n c e survey of the s o i l s of the T r u c i a l 
S t a t e s (Boweh-Jones e t . a l . 1967), the s o i l s of Ras-al-Khaimah 
were c l a s s i f i e d i n t h r e e major groups - sierozems, n o n - s a l i n e 
a l k a l i and s a l i n e - a l k a l i s o i l s . These groups were subdivided 
i n t o lower c a t e g o r i e s on the b a s i s of t h e i r t e x t u r e and carbonate 
c o n t e n t . T h i s was a n . a r t i f i c i a l c l a s s i f i c a t i o n scheme but i t 
was s u i t a b l e f o r the type of r e c o n n a i s s a n c e survey undertaken, i n 
t h a t the c a t e g o r i e s were d e s c r i p t i v e of the s o i l s and h i g h l i g h t e d 
t h e i r s a l i e n t f e a t u r e s i n terms of t h e i r e f f e c t on p o t e n t i a l -
c u l t i v a t i o n . Most of the 140 s o i l p r o f i l e s examined i n the f i e l d 
by the author were of u n c u l t i v a t e d s o i l s and l i t t l e c o n s i d e r a t i o n 
was given a s t o how the s o i l s might change as a r e s u l t of cropping, 
except such major c r i t e r i a as s a l i n i t y or a l k a l i n i t y . Furthermore, 
the c l a s s i f i c a t i o n scheme was devised f o r l o c a l use w i t h i n the 
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T r u c l a l S t a t e s and, as such, i s not s u i t a b l e f o r comparison 
w i t h other a r e a s . 
I n order t o overcome t h i s l a t t e r o b j e c t i o n , the s o i l s have 
been r e c l a s s i f i e d a c c o r d i n g to the FAO/UNESCO scheme and the 
d i s t r i b u t i o n of s o i l orders and u n i t s i s shown i n f i g u r e 6. 
T h i s r e c l a s s i f i c a t i o n was not p o s s i b l e i n the o r i g i n a l survey 
as the a n a l y t i c a l data from most of the 31 p r o f i l e s sampled f o r 
t h i s study were not a v a i l a b l e . The s o i l s of the J i r i P l a i n 
a r e b a s i c a l l y x e r o s o l s having o r g a n i c matter contents i n excess 
of 0.5%, r e f l e c t i n g the s p a r s e cover of Haloxylon s a l i c o r n i c u m . 
The s o i l s a r e g e n e r a l l y of l i g h t t e x t u r e and have a weak angular 
blocky s t r u c t u r e i n c l o s e proximity to the s u r f a c e which c o n s i s t s , 
where undisturbed, of a t h i n p l a t e y c r u s t . G r a v e l horizons o f t e n 
occur w i t h i n 50 cms of the s u r f a c e . The x e r o s o l s a r e c h a r a c t e r i s e d 
by moist c o l o u r s of 10YR4/3 - 4/4 (dark brown), pH v a l u e s of 
below 9.0 and c o n d u c t i v i t i e s l e s s than 1 mmhd/cm a t 25°C. The 
c a t i o n exchange c a p a c i t y i s dominated by the c a l c i u m c a t i o n , 
though i n some p r o f i l e s t h e r e i s an i n c r e a s e i n exchangeable 
magnesium a t depth. A t y p i c a l example i s p r o f i l e p i t 5. A 
b e l t of h e a v i e r t e x t u r e d x e r o s o l s i s found along the western edge 
of the p l a i n and these support stands of P r o s o p i s s p i c i g e r a t r e e s , 
as f o r i n s t a n c e , around Tawi Hamraniyah. These stands a r e 
a b l e to s u r v i v e because the h e a v i e r t e x t u r e of the s o i l s a l l o w s 
moisture to be r e t a i n e d f o r much longer p e r i o d s of the y e a r . 
I n both types of x e r o s o l s , pedogenic horizo n s a r e weakly developed. 
H a l o s o l s occur i n two d i s t i n c t s i t u a t i o n s . The main area 
r e p r e s e n t s the former e x t e n s i o n i n l a n d of the Ras-al-Khaimah lagoon. 
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T y p i c a l C a l x i c X e r o s o l , J l r l P l a i n , Ras-al-Khaimah. C h a r a c t e r i s t i c s 
i n c l u d e weak s t r u c t u r a l development, c o a r s e t e x t u r e and low org a n i c matter 
contents i n the s u r f a c e h o r i z o n s . Note the c a l x i c horizon at depth, 
which i s overMn by d e p o s i t i o n s 1 h o r i z o n s of f i n e g r a v e l . 
S o l o n e t z ( s a l i n e - a l k a l i n e ) s o i l s predominate and i n a d d i t i o n to 
c o n d u c t i v i t i e s o f t e n i n ex c e s s of 10 mmhos/cm a t 25°C, the 
exchangeable sodium percentage (ESP) f r e q u e n t l y exceeds 25. 
These s o i l s a r e of heavy t e x t u r e ( e . g . p r o f i l e p i t 9 ) , have 
a low p e r m e a b i l i t y and a r e consequently moist f o r the e n t i r e 
y e a r . They occupy the lowest p a r t s of the landscape but coarser 
t e x t u r e d h a l o s o l s a r e a s s o c i a t e d w i t h the s l i g h t l y higher ground 
on the edges of the outwash f a n s . H a l o s o l s a r e a l s o found 
on the J i r i P l a i n . On a i r photographs they appear as dark 
patches, devoid of v e g e t a t i o n , i n discontinuous s t r i p s which 
probably r e p r e s e n t eroded remnants of o l d outwash fans p a r t i a l l y 
covered by more r e c e n t d e p o s i t s . These h a l o s o l s tend to be 
of c o a r s e t e x t u r e and a r e of the solonchak ( s a l i n e ) type and 
f u r t h e r south on the G h a r i f P l a i n may c o n t a i n g y p s i c h o r i z o n s . 
Yermosols and r e g o s o l s a r e a l s o present i n Ras-al-Khaimah. 
The former a r e found on the outwash fans a d j a c e n t to the Ruus-
a l - J i b a l h i g h l a n d s . These outwash fans a r e mainly composed 
of c o a r s e rudaceous d e p o s i t s with carbonate contents w e l l i n 
exc e s s of 50%, r e f l e c t i n g the o r i g i n of the outwash i n the 
limestone uplands. Pedogenic horizo n s a r e even more weakly 
developed than w i t h the xerosols,. moisture r e t e n t i o n i s very low, 
but organic matter contents of the s o i l a r e u s u a l l y i n excess 
of 0.25% due to the s c a t t e r e d A c a c i a bushes and g r a s s s p e c i e s . 
The former have e x t e n s i v e r o o t systems and a r e a b l e to tap the 
deeper moisture w h i l e the g r a s s s p e c i e s a r e a s s o c i a t e d w i t h the 
s e a s o n a l « d i . .. Xn c o n t r a s t , t„e r e g o s d s a r e a s s o c i a t e , w i t h 
the sand dunes of the Des e r t F o r e l a n d . Vegetation i s very sparse 
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T y p i c a l F l u v i s o l on edge of J i r i P l a i n , near K h s t t , Itoe-al-Khaimah. 
While of U n i t e d d i s t r i b u t i o n , the d e p o s i t i o n s 1 c h a r a c t e r i s t i c s of the 
ho r i e o n s a r e c l e a r l y e v i d e n t . The s a l t accumulations immediately above the 
shadow s t the bottom of the photograph a r e from w e l l water and not the 
s o i l . 
and organic matter contents are l e s s than 25%. S i n g l e g r a i n 
s t r u c t u r e predominates, p r o f i l e morphology i s l a c k i n g and 
the ' s o i l s ' a r e s u b j e c t to windblow. 
3 . 3 ( i i ) The e f f e c t s of date c u l t i v a t i o n on yermosoJ/xerosols. 
The e f f e c t s of d i f f e r e n t c u l t i v a t i o n techniques on s o i l 
c h a r a c t e r i s t i c s d i s c u s s e d i n t h i s s e c t i o n and the f o l l o w i n g one 
( 3 . 3 i i i ) a r e based on the l a b o r a t o r y a n a l y s e s and f i e l d data 
d e r i v e d from 31 s o i l p r o f i l e s (10 c u l t i v a t e d ) t h a t were sampled 
i n the f i e l d by the author. The author c a r r i e d out r o u t i n e 
s o i l a n a l y s e s on 114 samples w h i l e , i n a d d i t i o n , t h e r e was 
f i e l d evidence from a f u r t h e r 109 p r o f i l e s . T h i s included 
r o u t i n e p r o f i l e d e s c r i p t i o n s and i n most c a s e s determinations 
of pH and e l e c t r i c a l c o n d u c t i v i t y . The m a t e r i a l d e r i v e d from 
i i 
t h e s e s o u r c e s has not been i n t e r p r e t e d p r e v i o u s l y , f o r a study 
of t h i s n a t u r e . 
I n c o n t r a s t to other p a r t s of the A r a b i a n P e n i n s u l a , the 
date gardens of Ras-al-Khaimah, p a r t i c u l a r l y those between H a i l 
and Shimal, a r e w e l l tended. There i s l i t t l e evidence of d i s e a s e 
w h i l e few o f . t h e t r e e s a r e o l d . The palms a r e spaced a t 
s u f f i c i e n t i n t e r v a l s to a l l o w f u l l development of the palm to 
take p l a c e . The date gardens a r e l o c a t e d on the edges of the 
outwash fans where the c o a r s e rudaceous outwash has some f i n e r 
m a t e r i a l deposited on top, the s o i l s being c l a s s i f i e d as e i t h e r 
yermosols or x e r o s o l s . R e p r e s e n t a t i v e p r o f i l e s showing the nature 
of these d e p o s i t s a r e shown i n f i g u r e 7, the l o c a t i o n of p i t s 
b eing shown on f i g u r e 3. 
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The date gardens were o r i g i n a l l y l o c a t e d to take advantage 
of the f i n e r d e p o s i t s on the edges of the outwash f a n s . However, 
l a b o r a t o r y a n a l y s e s by the author would suggest t h a t subsequent 
i r r i g a t i o n over long pe r i o d s has l e d to a r e d i s t r i b u t i o n of 
t h i s f i n e m a t e r i a l w i t h i n the p r o f i l e f o r there has always been 
a tendency to o v e r - i r r i g a t e . T h i s r e d i s t r i b u t i o n of f i n e 
m a t e r i a l i s marked i n most c u l t i v a t e d p r o f i l e s ( e . g . p r o f i l e 
3) where, although s i l t and c l a y a r e present throughout the 
p r o f i l e , the l a r g e cobbles i n the g r a v e l l y s i l t y loam h o r i z o n , 
a t a depth i n excess of 75 cms, have accumulations of s i l t on 
t h e i r upper s u r f a c e s . I n a d d i t i o n to the r e d i s t r i b u t i o n of 
f i n e m a t e r i a l , the i r r i g a t i o n water a l s o adds a s m a l l q u a n t i t y 
of i n s o l u b l e r e s i d u e s to the t o p s o i l and, though th e r e i s 
e v e n t u a l downward t r a n s l o c a t i o n , t h e r e i s a tendency f o r 
t h e r e to be an i n c r e a s e i n the f i n e f r a c t i o n s of t o p s o i l samples. 
T h i s i s shown i n t a b l e 3,3. 
A major a f f e c t of c u l t i v a t i o n has been to i n c r e a s e the 
o r g a n i c matter content of the s o i l ( t a b l e 3 , 3 ) . At any one 
time the amount of or g a n i c matter present i n the s o i l r e p r e s e n t s 
a b a l a n c e between the a d d i t i o n of undecomposed organ i c m a t e r i a l 
and the p r o c e s s e s of decomposition, and consequently t h e r e w i l l 
be s e a s o n a l v a r i a t i o n s . As decomposition proceeds, l o s s e s 
f i r s t f a l l on the carbonaceous p a r t s of the organic m a t e r i a l and, 
when the o r g a n i c m a t e r i a l i s w e l l humified, as i n the u n c u l t i v a t e d 
p r o f i l e s , the C:N r a t i o s appear to be of the order of 10-13 i n 
t o p s o i l samples. Under c u l t i v a t i o n , the C:N r a t i o s of the s u r f a c e 
h o r i z o n s a r e wider (18x20) because th e r e i s the p e r i o d i c a d d i t i o n 
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of o r g a n i c matter from the date palms, ground cr o p s , weeds and 
l i v e s t o c k . B i o l o g i c a l a c t i v i t y i s a l s o very d i f f e r e n t I n the 
c u l t i v a t e d s o i l s due to the profound change i n s o i l c l i m a t e . 
For i n s t a n c e , i n each of the two p r o f i l e s sampled i n the date 
gardens, the author observed the presence of a s p e c i e s of s m a l l 
worm - such a c t i v i t y i s t o t a l l y absent i n the hot, dry u n c u l t i v a t e d 
p r o f i l e s . By such a c t i v i t y , through the decomposition of old 
root systems i n s i t u i n the s o i l , and a l s o as a r e s u l t of the 
downward p e r c o l a t i o n of i r r i g a t i o n water, o r g a n i c matter i s not 
r e s t r i c t e d to the top few c e n t i m e t r e s of the s o i l p r o f i l e but 
can occur a t c o n s i d e r a b l e depths. I n p r o f i l e p i t 4 ( F a h l a i n ) , 
channels of grey m i n e r a l matter having an organic matter content 
of 1.2% ( i n c o n t r a s t to v a l u e s of 0.21% f o r the surrounding s o i l ) 
were observed down to depths of a t l e a s t 1 metre. 
The i n c r e a s e i n orga n i c matter a l s o i n f l u e n c e s two other 
s o i l c h a r a c t e r i s t i c s : 
( i ) The s t r u c t u r e of th e s e long c u l t i v a t e d s o i l s i s 
n o t i c e a b l y d i f f e r e n t from t h a t of the surrounding u n c u l t i v a t e d 
s o i l s . The s t r u c t u r e of the l a t t e r c o n s i s t s of weak angular 
b l o c k s which break down to unaggregated m a t e r i a l . In c o n t r a s t , 
as a r e s u l t of the orga n i c matter, the s t r u c t u r e of the t o p s o i l 
of c u l t i v a t e d s o i l s tends to c o n s i s t of moderate medium angular 
b l o c k s which break to s m a l l angular b l o c k s and g r a n u l e s . Even 
under i r r i g a t i o n , there i s a n o t i c e a b l e s t a b i l i t y of s t r u c t u r e 
i n t h e s e c u l t i v a t e d s o i l s . 
( i i ) Decomposition of orga n i c matter r e l e a s e s a c i d s and 
th e s e appear t o have caused a c e r t a i n amount of d e c a l c i f i c a t i o n 
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to have taken p l a c e . The outwash, on which the s o i l s have 
developed, i s predominantly d e r i v e d from the limestone uplands 
and, i n the area around Shimal, u n c u l t i v a t e d yermosol p r o f i l e s 
have carbonate contents of about 70% ( t a b l e 3 . 3 ) . However, 
c u l t i v a t e d p r o f i l e s have carbonate contents of l e s s than 60% 
i n , a t l e a s t , t h e i r top 50 cms, though th e r e i s some i n c r e a s e 
i n t h e i r carbonate content a t depth. Brammer (1968) commented 
on the d e c a l c i f i c a t i o n of Gangetic a l l u v i u m i n E a s t P a k i s t a n 
and he a s c r i b e s t h i s p r o c e s s t o the reducing c o n d i t i o n s t h a t 
p r e v a i l during seasonal flooding, CaCO i s transformed i n t o 
o 
Ca(HC0g) 2 i n the presence of o r g a n i c matter and remains i n 
s o l u t i o n due to the f l o o d c o n d i t i o n s . D i f f e r e n t r a t e s of 
d e c a l c i f i c a t i o n a r e due to the v a r i a b l e l e v e l s of orga n i c 
matter, the length of f l o o d i n g and to b i o t i c mixing of the s o i l . 
A s i m i l a r process could c o n t r i b u t e to d e c a l c i f i c a t i o n of the 
s o i l s of the date gardens f o r , d e s p i t e t h e i r c h a r a c t e r i s t i c of 
f r e e drainage, the i r r i g a t i o n regimes p r a c t i s e d by the owners 
mean t h a t the s o i l s a r e flooded .at r e g u l a r i n t e r v a l s and 
during these p e r i o d s r e d u c i n g c o n d i t i o n s w i l l p r e v a i l . While 
a s l i g h t r e d u c t i o n i n pH v a l u e s i s a l s o n o t i c e a b l e i n these 
c u l t i v a t e d s o i l s , v a l u e s s t i l l remain above 8.5. 
S i r W. Halcrow and P a r t n e r s (1969) i n t h e i r water r e s o u r c e s 
survey of the T r u c i a l S t a t e s c l a s s i f i e d water from w e l l s and 
pumps between H a i l and Shimal as being of e i t h e r C^S^ or C^S^ 
c a t e g o r i e s , i . e . having a very high s a l i n i t y hazard and a 
high or very high a l k a l i n i t y (sodium) hazard. Such i r r i g a t i o n 
water i s not s u i t a b l e for*»irrigation under normal c o n d i t i o n s and 
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even on these very f r e e l y d r a i n i n g outwash dep o s i t s t h e r e has 
been some i n c r e a s e i n s o l u b l e s a l t content, as measured by 
c o n d u c t i v i t y and ESP ( t a b l e 3 . 3 ) . N e i t h e r has, however, 
i n c r e a s e d to such an extent that the growth and p r o d u c t i v i t y 
of the date palms have been a f f e c t e d , even though c u l t i v a t i o n 
i s of undoubted a n t i q u i t y , s i n c e the groundwater t a b l e i s a t 
s u f f i c i e n t depth not to i n t e r f e r e w i t h the root growth of the 
palms. 
3 . 3 ( i i i ) Commercial s m a l l h o l d i n g s and t h e i r e f f e c t s on the 
c h a r a c t e r i s t i c s of x e r o s o l and h a l o s o l s o i l s . 
The main area where the commercial sma l l h o l d i n g s a r e 
s i t u a t e d l i e s between the southern extremity of the R a s - a l -
Khaimah lagoon and the v i l l a g e of K h a t t , though much of the 
re c e n t expansion of a g r i c u l t u r e over the l a s t f i v e y e a r s has 
been on the J i r i P l a i n . T h i s a g r i c u l t u r a l development has 
mainly taken p l a c e on the x e r o s o l s and some solonchak h a l o s o l s , 
the l a t t e r i n the v i c i n i t y of the Ras-al-Khaimah lagoon. As 
has been seen p r e v i o u s l y , t h i s development i s of very r e c e n t 
nature and i t would not be expected t h a t r a d i c a l changes should 
have taken p l a c e i n the s o i l . What changes have occurred r e l a t e 
to o r g a n i c matter co n t e n t s , the s a l i n i t y and the a l k a l i n i t y of 
the s o i l s . * 
With c u l t i v a t i o n , the i n i t i a l d i s t u r b a n c e of the s o i l 
d e s t r o y s the s u r f a c e c r u s t and the weak s t r u c t u r e of the t o p s o i l 
a l l o w i n g the r a p i d o x i d a t i o n of any organ i c matter p r e s e n t . T h i s 
i s r e f l e c t e d i n the t o p s o i l sample (10-16cms depth) from p r o f i l e 
p i t 6 where the organic matter content was only 0.28% about a week 
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a f t e r i t had f i r s t been c u l t i v a t e d . Over a period of time, 
the net e f f e c t of c u l t i v a t i o n i s to i n c r e a s e the l e v e l of 
o r g a n i c matter present i n the s o i l , though the amount of t h i s 
i n c r e a s e w i l l be r e l a t e d to the type of crop grown. P r o f i l e 
p i t 8 was l o c a t e d on a s m a l l h o l d i n g i n the middle of the J i r i 
P l a i n i n a p l o t t h a t had grown vegetables for 6 years p r i o r to 
sampling and the t o p s o i l sample (8-14 cms) had an organic matter 
content of 1.33%. T h i s f i g u r e compares to an average value 
fo r the t o p s o i l samples of 11 u n c u l t i v a t e d x e r o s o l s o i l s on the 
J i r i P l a i n of 0.99%. 
The most r a p i d changes i n s o i l c h a r a c t e r i s t i c s can occur 
when i r r i g a t i o n water of poor q u a l i t y i s used and both the 
s o l u b l e s a l t content and the a l k a l i n i t y can r a p i d l y i n c r e a s e . 
These e f f e c t s a r e accentuated when i n t e r n a l s o i l drainage i s 
poor, due to the presence of heavy t e x t u r e d horizons w i t h i n the 
p r o f i l e , or i f the s o i l occupies a low p o s i t i o n i n the landscape. 
Comparative data f o r two x e r o s o l p r o f i l e s ( p i t s 6 and 7) l o c a t e d 
on Digdaga A g r i c u l t u r a l T r i a l s S t a t i o n show these e f f e c t s q u i t e 
c l e a r l y ( t a b l e 3 . 4 ) . The high ESP value of 9.4 ( r e l a t i v e to the 
higher h o r i z o n s ) recorded f o r the u n c u l t i v a t e d p r o f i l e at a 
depth of 120-125 cms probably r e f l e c t s the l o c a t i o n of the p r o f i l e 
p i t i n a topographic d e p r e s s i o n q u i t e c l o s e to the Ras-al-Khaimah 
lagoon and sea water may have moved i n l a n d by s u b s u r f a c e flow 
as a r e s u l t of a l o c a l drawdown of the f r e s h water t a b l e . A l s o 
r e c i r c u l a t i o n of the i r r i g a t i o n water may have caused an i n c r e a s e 
i n s a l i n i t y i n the groundwater t a b l e . At the time of sampling 
(January 1967), the i r r i g a t i o n water had a c o n d u c t i v i t y of 3.4 
mmhos/cm a t 25°C and i t s s a l i n i t y had apparently been i n c r e a s i n g f o r 
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a number of y e a r s . Two f a c t o r s a l l e g e d l y were r e s p o n s i b l e 
f o r t h i s - r e c i r c u l a t i o n of i r r i g a t i o n water caused by the 
i n c r e a s i n g number of s m a l l h o l d i n g s i n the v i c i n i t y and/or l o c a l 
drawdown of the water t a b l e , again caused by the expansion of 
a g r i c u l t u r e , so t h a t more s a l i n e water was being tapped. 
However the q u a l i t y of the i r r i g a t i o n water has not f u r t h e r 
d e t e r i o r a t e d and the trend may even have been r e v e r s e d ( S i r 
W. Halcrow and P a r t n e r s , 1969). The are a i n which p i t 7 was 
lo c a t e d was capable of growing squashes and melons i n 1967, 
but by 1969 s o i l s a l i n i t y i n the t o p s o i l had i n c r e a s e d to such 
an extent t h a t the p l o t had been given over to the c u l t i v a t i o n 
of t r e e s p e c i e s , notably Tamarix spp, f o r windbreaks and amenity 
a r e a s . A s i n g l e t o p s o i l sample (4-10 cms) taken by the author 
i n 1969 from t h i s p l o t had a c o n d u c t i v i t y of 7,4 mmhos/cm a t 25°C. 
The h a l o s o l s which occupy the are a of the former e x t e n s i o n 
of the Ras-al-Khaimah lagoon have not been used e x t e n s i v e l y 
f o r c u l t i v a t i o n . These s o i l s a r e poorly d r a i n i n g , with standing 
water f r e q u e n t l y being' observed on the s u r f a c e , and t h e i r 
p e r m e a b i l i t y i s not only a f f e c t e d by the s i l t y n ature of t h e i r 
t e x t u r e but a l s o by the high l e v e l s of exchangeable sodium 
( e . g . p r o f i l e 9, t a b l e 3 . 5 ) . P r o f i l e s u s u a l l y have c o n d u c t i v i t i e s 
i n excess of 10 mmhos/cm a t 25°C w h i l e the l e v e l s of exchangeable 
sodium remain r e l a t i v e l y c onstant throughout the p r o f i l e , w i t h 
ESP's above 25. T h e i r carbonate contents of 45-60% a r e s i m i l a r 
to those of the d e p o s i t s forming the J i r i P l a i n . However along 
the e a s t e r n edge of the lagoon, more r e c e n t outwash of h i g h l y 
c a l c a r e o u s , but n o n - s a l i n e c h a r a c t e r have been deposited over 
lagoonal sediments as i n the case of p r o f i l e 10 ( t a b l e 3 . 5 ) , 
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Some of these s o i l s have been taken i n t o c u l t i v a t i o n as the 
s u r f a c e d e p o s i t s a r e r e l a t i v e l y f r e e l y d r a i n i n g , have low ESP's 
and low c o n d u c t i v i t i e s . There i s , however, impedance caused 
by the und e r l y i n g horizons being of h e a v i e r t e x t u r e and a f t e r 
a number of y e a r s these s o i l s have gone out of c u l t i v a t i o n . 
While the amounts of s o l u b l e s a l t s i n the s u r f a c e horizons 
may have been leached i n t o the lower horizons of the s o i l 
solum, there has been a b u i l d up i n the l e v e l of exchangeable 
sodium to a g r e a t e r extent than p r i o r to c u l t i v a t i o n through 
the use of i r r i g a t i o n waters having a high a l k a l i n i t y hazard. 
I n some i n s t a n c e s , ESP l e v e l s of 30-35% have been recorded and 
thes e a r e i n t o l e r a b l e f o r crop c u l t i v a t i o n . 
I n a d d i t i o n , as a g r i c u l t u r e expands, some farmers have 
attempted to c u l t i v a t e some of the poorer drained haJosols. 
T h i s s i t u a t i o n i s e x e m p l i f i e d by p r o f i l e 11 ( t a b l e 3.5) which was 
on the point of being taken out of c u l t i v a t i o n i n 1967. I n 
such s o i l s the l e v e l s of both s a l i n i t y and a l k a l i n i t y a r e beyond 
those g e n e r a l l y accepted f o r crop c u l t i v a t i o n and w h i l e crops 
such as beans, r a d i s h e s and tomatoes might y i e l d f o r a year or 
two, a g r i c u l t u r e soon becomes i m p o s s i b l e . Much of the d i s u s e d 
a g r i c u l t u r a l land i n Ras-al-Khaimah i s of t h i s type. 
For commercial a g r i c u l t u r e to be s u c c e s s f u l i n Ras-al-Khaiir,a 
the x e r o s o l s o i l s of the J i r i P l a i n o f f e r the b e s t p o t e n t i a l . 
Over the l a s t f i v e y e a r s , t h e r e has been the r a p i d development 
of a g r i c u l t u r e on these s o i l s , f o r wi t h the groundwater t a b l e a t 
a depth w e l l below the r o o t i n g depth of any p l a n t s l i k e l y to be 
grown, t h e r e i s l i t t l e l i k e l i h o o d of s a l i n i t y being a problem 
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i n the near f u t u r e . Furthermore, with the low c a t i o n exchange 
c a p a c i t i e s of the sandy s o i l s having a low content of adsorbed 
sodium, a l k a l i n i t y problems are not i n evidence. The only 
problems that a r e l i k e l y to a r i s e a r e through an over use 
of the l i m i t e d s u p p l i e s of water and a consequent draw down of 
the a q u i f e r p r e v e n t i n g the f u l l area being i r r i g a t e d . 
<£«-
-68-
CHAPTER 4 
The e f f e c t s of date c u l t i v a t i o n and r e c e n t a g r i c u l t u r a l 
development on s o i l c h a r a c t e r i s t i c s i n a t r a d i t i o n a l 
o a s i s a r e a , A l Ain oases, F e d e r a t i o n of Arab Emirates 
4.1 The P h y s i c a l Environment 
The A l A i n group of oases l i e s on the western edge of the 
Al-Jaww P l a i n , a t the northern extremity of J e b e l H a f i t which 
r i s e s to over 1160 metres ( f i g u r e 8 ) . The oases, o f t e n r e f e r r e d 
to as Buraimi o a s i s , a r e l o c a t e d a t a height of 270-285 metres 
above sea l e v e l , on outwash d e r i v e d from e r o s i o n of the Hajar 
mountains. While the l a t t e r i n c l u d e some Oligocene and Cretaceous 
l i m e s t o n e s , the core i s predominantly s e r p e n t i n i t e and consequently 
the outwash i s not so c a l c a r e o u s ( l e s s than 40% cal c i u m carbonate 
c o n t e n t ) a s th a t o c c u r r i n g i n Ras-al-Khaimah. However, around 
J e b e l H a f i t , composed of T e r t i a r y limestones and marls, e r o s i o n 
has produced r e s t r i c t e d a r e a s of more c a l c a r e o u s m a t e r i a l , c o n t a i n i n g 
over 55% c a l c i u m carbonate. 
Immediately to the west of the o a s i s area i s the Desert 
F o r e l a n d , much of which i s c h a r a c t e r i s e d by high dunes, up to 
70 metres, o c c u r r i n g i n r i d g e s w i t h a NE-SW t r e n d . Some of these 
dunes have impinged on the o a s i s a r e a ; f o r i n s t a n c e , the date 
gardens a t Mutarad'h o a s i s l i e . some 8-10 metres below the c r e s t s 
of the surrounding sand dunes. Furthermore, a b e l t of low dunes 
s e p a r a t e the southern oases ( A l A i n , Mutarad'h and Muweiqii) from 
the northern group ( A l J i m i , Q a t t a r a h and H i l i ) . A t h i r d group, 
of which Buraimi i ^ one, l i e s i n Oman t e r r i t o r y but a r e not being 
c o n s i d e r e d i n t h i s d i s c u s s i o n . 
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There i s even l e s s m e t e o r o l o g i c a l data a v a i l a b l e for A l 
A i n than f o r Ras-al-Khaimah, with r a i n f a l l r e c o r d s having only 
been kept a t J a h i l i F o r t s i n c e October 1965 ( t a b l e 4.1). One 
f e a t u r e t h a t these r e c o r d s show i s the i r r e g u l a r i t y of the 
r a i n f a l l , a point emphasised by Stevens (1970b). The wint e r 
r a i n f a l l r e s u l t s from d e p r e s s i o n s , t r a c k i n g down the Arabian 
G u l f from the Mediterranean, being forced to r i s e by the mountains 
of the Oman P e n i n s u l a and d e p o s i t i n g t h e i r moisture. The 
in f r e q u e n t summer r a i n f a l l i s probably caused by the i n s t a b i l i t y 
of maritime a i r over the Hajar mountains as i t i s drawn i n over 
the land due to the northward d a i l y movement of the i n t e r - t r o p i c a l 
convergence zone. T h i s d a i l y movement i s a l s o r e s p o n s i b l e f o r 
humid c o n d i t i o n s o c c u r r i n g on some summer days when the wind i s 
blowing from the south. 
The summers can be very hot. Extreme maxima of up to 
47°C were noted by S i r A. Gibb and P a r t n e r s , (1969),while the 
present author experienced a shade temperature of 50°C during 
J u l y 1969, and t h i s p e r i o d of high temperatures i s a l s o accompanied 
by frequent dust storms. These a r e emphasised i f the wind i s 
blowing from a NW d i r e c t i o n or from the south. Minimum wint e r 
- temperatures occur during January and February and i t i s p o s s i b l e 
o 
tha t temperatures of l e s s than 0 C may be more f r e q u e n t l y recorded 
than i s g e n e r a l l y thought, on account of the i n c r e a s e d c o n t i n e n t a l i t y 
of the area r e l a t i v e to Ras-al-Khaimah. S e v e r a l of the Sheikhs 
have commented th a t the A l J a w P l a i n i s 'white' during w i n t e r -
presumably a r e f e r e n c e to hoar f r o s t . 
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Table 4.1 
R a i n f a l l a t J a h i l i F o r t , A l 'Ain oases, 1965-1969 
( F i g u r e s i n urns.) 
, January 
February 
March 
! A p r i l 
May 
June 
i J u l y 
August 
September 
: October I i 
1 
, November 
I 
December 
1965 1966 1967 1968 1969 
n i l 
n i l 
n i l 
37.5 
n i l 
n i l 
n i l 
1.0 
1.0 
n i l 
n i l 
n i l 
n i l 
n i l 
n i l 
n i l 
6.4 
5,9 
Tr 
n i l 
2.5 
n i l 
n i l 
n i l 
n i l 
n i l 
5 .0 
69.8 
n i l 
2.5 
n i l 
n i l 
n i l 
n i l 
n i l 
n i l 
n i l 
n i l 
3 3 a o 
1.3 
n i l 
4.3 
n i l 
n i l i 1 
6.4 ! 
; Annual T o t a l 39.5 14.8 77.3 
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During the summer months, e v a p o t r a n s p i r a t i o n i s very high. 
The n e a r e s t comparable data f o r evaporation from a U.S. Weather 
Bureau C l a s s A pan are the s h o r t term records from Tawi M i l e i h a , l o c a t e d 
i n a s i m i l a r s i t u a t i o n , about 100 kms to the north. Consequently 
the data may be regarded as somewhat more 'maritime' i n t h e i r 
c h a r a c t e r i s t i c s than A l A i n , and over the pe r i o d J u l y 1967 -
September 1969 the average d a i l y evaporation, i n mms, was:-
O N D J F M A M J J A S 
Ev a p o r a t i o n 11.3 7.2 5.0 5.2 5-.2 9.5 12.0 16.2 20.8 16.5 16.1 12.4 
(rams) 
These f i g u r e s a r e s u b s t a n t i a l l y higher than those recorded a t Digdaga, 
and i t i s l i k e l y t h a t i f a s i m i l a r pan was i n s t a l l e d a t A l Ain , r e c o r d i n g s 
i 
would be even h i g h e r . Despite the high evaporation and very l i m i t e d 
summer r a i n f a l l , t h e r e i s c o n s i d e r a b l e v a r i e t y i n the n a t u r a l v e g e t a t i o n -
Haloxylon s a l i c o r n i c u m , S a l s o l a spp, A c a c i a spp, Prosopis s p i c i g e r a , 
C a l o t r o p i s p r o c e r a , Zizyphus s p i n a - c h r i s t i i n a d d i t i o n to g r a s s e s and 
he r b s . Stevens (1970b) noted the frequency of dew during J u l y 
1969 and undoubtedly dew formation i s important i n p r o v i d i n g some 
moisture f o r p l a n t growth during the summer months and thus i n d i r e c t l y 
a i d i n g pedogenesis. 
The p o p u l a t i o n of the o a s i s a r e a was estimated a t 12,900 by the 
1968 census w h i l e , i n 1969; i t was estimated by the water r e s o u r c e s 
survey t h a t approximately 482 h e c t a r e s were under c u l t i v a t i o n ( S i r 
A. Gibb and P a r t n e r s , 1969). There i s thus a very high demand f o r 
water and t h i s demand i s i n c r e a s i n g as both the are a under c u l t i v a t i o n 
and the population expand. As i n Ras-al-Khaimah, the o r i g i n a l 
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c e n t r e s of the oases were the date gardens and t h e i r water supply 
i s d e r i v e d from the a f l a j . " 1 " Seven a f l a j now supply the oases i n 
the t e r r i t o r y belonging to the F e d e r a t i o n of Arab E m i r a t e s , though 
i n the past there were more o p e r a t i o n a l . T h e i r source of water 
i s run o f f from the Hajar mountains which has r a p i d l y i n f i l t r a t e d 
i n t o the coa r s e rudaceous d e p o s i t s of the e a s t e r n A l Jaww P l a i n . 
J e b e l H a f i t a c t s as a b a r r i e r to the westward s u b s u r f a c e flow of 
t h i s water and much i s d e f l e c t e d around the northern edge of the 
mountain. Consequently there tends to be an accumulation of 
groundwater a t r e l a t i v e l y shallow depths (about 5-30 metres) 
i n the v i c i n i t y of A l A i n and t h i s tends to be of CgSj or C^S^ 
q u a l i t y , i . e . having medium or high s a l i n i t y hazard but low sodium 
hazard. A f e a t u r e of the f a l a j water i s th a t the a f l a j a r e a l s o 
used as communal washing and ba t h i n g f a c i l i t i e s and consequently 
before the water i s used f o r i r r i g a t i n g the date gardens i t has 
accumulated some s a l t s and detergents from these s o u r c e s . However, 
the i r r i g a t i o n water i s of b e t t e r q u a l i t y than t h a t used a t Ras-
al-Khaimah because the d i s t a n c e of su b s u r f a c e flow from the mountains 
i s much s h o r t e r and the water has not had the opportunity to a c q u i r e 
a high content of harmful sodium or s a l t s . 
The newer a g r i c u l t u r a l holdings o b t a i n t h e i r water from w e l l s , 
u s u a l l y w i t h a pump. While the water i s of reasonable q u a l i t y 
( f i g u r e 9 ) , a jiumber of the pumps a r e not a b l e to work to t h e i r f u l l 
c a p a c i t y because many of the w e l l s have been dug too c l o s e together. 
T h i s has l e d to l o c a l drawdown of the water t a b l e and w h i l e t h i s may 
p l u r a l 
s i n g u l a r 
A f l a j -
f a l a j -
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only be a temporary phenomenon l a s t i n g f o r neiely a few hours, 
i n some i n s t a n c e s i t takes s e v e r a l days f o r the f u l l r e s t o r a t i o n 
of the water t a b l e . As a r e s u l t , some smal l h o l d i n g s do not 
ob t a i n s u f f i c i e n t i r r i g a t i o n water and l e s s than 20% of t h e i r 
area may be under c u l t i v a t i o n . These holdings a r e p o t e n t i a l 
wind e r o s i o n a r e a s , f o r the v e g e t a t i o n has been c l e a r e d , any 
n a t u r a l s t r u c t u r e i n the s o i l destroyed and consequently the s o i l 
has a high degree of e r o d i b i l i t y due to i t s c o a r s e t e x t u r e . 
4.2 A g r i c u l t u r a l development 
The A l A i n group of oases a r e long e s t a b l i s h e d a g r i c u l t u r a l 
c e n t r e s , Zwemer (190 2 ) , f o r i n s t a n c e , s t a t i n g t h a t 'Bereimi was 
f o r many c e n t u r i e s the most important c e n t r e of western Oman'. 
T h i s importance was emphasised by the l o c a t i o n of the oases on 
two major t r a d i n g r o u t e s - one north/south along the western 
edge of the mountains and the other westward to Abu Dhabi and 
the Arabian G u l f . Cox (1925) a l s o v i s i t e d the oases i n the 
e a r l y t w e n t i e t h century and, as w e l l as noting t h a t Mas'udi was 
e s t a b l i s h e d i n about 1900, he d e s c r i b e s the a g r i c u l t u r e of the oases 
i n the f o l l o w i n g terms, ' l i g h t though i t i s the s o i l i s e v i d e n t l y 
most p r o l i f i c , and i t was c a l c u l a t e d t h a t the o a s i s supported not 
l e s s than 60,000 date palms b e s i d e s a l l the f r u i t and vegeta b l e s 
to be found i n t h a t r e g i o n e.g. grapes, melons, l i m e s , f i g s , 
pomegranates, a few mangoes, and i n the way of c r o p s , wheat, b a r l e y 
1 
and j o w a r l , and q u a n t i t i e s of l u c e r n e ' . Because of i t s l o c a t i o n 
on t r a d i n g routes, A l A i n undoubtedly engaged i n more trade than other 
oases i n the are a and t h i s i s r e f l e c t e d i n the range of crops grown. 
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The p a t t e r n of a g r i c u l t u r e remained s u b s t a n t i a l l y the same 
u n t i l the 1950s with the date gardens growing a range of ground 
c r o p s , i n p a r t i c u l a r l u c e r n e , i n c o n t r a s t to the ar e a s of 
c u l t i v a t i o n around H a i l and Shimal. Then the growth of urban 
markets on the Arabian G u l f , i n a d d i t i o n to the i n t r o d u c t i o n 
of v e h i c l e s a b l e to t r a v e r s e the Desert Foreland, caused a change 
i n a g r i c u l t u r e . Smallholdings, c o n c e n t r a t i n g i n the main on 
veg e t a b l e s and fodder cr o p s , were e s t a b l i s h e d and the process 
a c c e l e r a t e d as Abu Dhabi s t a r t e d to e x p l o i t i t s o i l wealth. 
While most of the smal l h o l d i n g s o b t a i n income from the s a l e of 
both v e g e t a b l e s and fodder c r o p s , t h e r e i s g r e a t e r s p e c i a l i s a t i o n 
than i n Ras-al-Khaimah and 80% of the sm a l l h o l d i n g s d e r i v e d the 
major p a r t of t h e i r income, i n 1 9 6 9 u from the s a l e of luc e r n e 
( S t e v e n s , 1970a). By ,1971 even exports of s t r a w b e r r i e s were 
f i n d i n g t h e i r way to B e i r u t . 
A g r i c u l t u r a l and i r r i g a t i o n p r a c t i c e s d i f f e r according 
to the type of c u l t i v a t i o n undertaken. The date gardens 
r e c e i v e the major p a r t of t h e i r i r r i g a t i o n water from the a f l a j , 
and t h e r e i s a co o p e r a t i v e agreement over i r r i g a t i o n water from 
t h i s s o u r c e . T h i s a l l o w s f o r a longer i n t e r v a l between i r r i g a t i o n s 
i n the summer months, when t h e r e i s a l s o i n c r e a s e d p r e s s u r e on 
the water supply f o r domestic purposes. The date gardens a r e 
i r r i g a t e d every 3-4 weeks i n summer and about every f o r t n i g h t i n 
the w i n t e r . To o f f s e t t h i s water shortage during the summer 
months, some owners have a l s o dug w e l l s w i t h i n t h e i r date gardens 
so t h a t they can i r r i g a t e t h e i r ground crops more f r e q u e n t l y . Both 
t o 
pumps and simple l i f t i n g d e v i c e s a r e used to e x t r a c t water from 
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t h e s e w e l l s . There i s a tendency f o r owners who a r e d i v e r s i f y i n g 
away from d a t e s , as w e l l as a l l the new s m a l l h o l d e r s , to dig w e l l s 
or boreholes and i n s t a l l pumps. The use of the l a t t e r a l l o w s 
a g r e a t e r a r e a to be i r r i g a t e d w h i l e there i s a l s o more c o n t r o l 
over r a t e s of a p p l i c a t i o n . Fodder crops a r e i r r i g a t e d every 
3-5 days i n summer and weekly i n w i n t e r , w h i l e vegetables are 
i r r i g a t e d every 2-3 days i n summer (water melons, cucumbers, 
squashes) and weekly during the w i n t e r months, when a much wider 
range of crops a r e grown. 
The p r o l i f i c nature of the s o i l noted by Cox (1925) was 
undoubtedly due to the r e l a t i v e l y heavy manuring t h a t the date 
gardens have r e c e i v e d . Organic manure i s a p p l i e d a t a r a t e 
of about 1.5 tons/dunum/annum i n the b e t t e r gardens, though t h e r e 
i s no placement around i n d i v i d u a l palm t r e e s . The organic 
manure i s , howevdr, not of p a r t i c u l a r l y high q u a l i t y s i n c e i t 
c o n t a i n s a r e l a t i v e l y l a r g e proportion of sand and the woody 
t i s s u e of such p l a n t s as Haloxylon s a l i c o r n i c u m . The l a t t e r 
i s used f o r bedding of the a n i m a l s . A d d i t i o n a l manure i s obtained 
from the l a r g e c a t t l e population which i s kept i n the date gardens 
during the summer months. The standard of date palm husbandry 
i s not so high as a t Ras-al-Khaimah - date palms are o f t e n planted 
l e s s than 4 metres a p a r t , t h e r e i s a comparatively high i n c i d e n c e 
of d i s e a s e d palms, w h i l e many a r e o l d and beyond t h e i r productive 
l i f e . The problem i s accentuated by the long i r r i g a t i o n i n t e r v a l 
i n the summer when the palms do not r e c e i v e s u f f i c i e n t water f o r 
t h e i r needs. When dead or e x c e s s i v e l y d i s e a s e d palms a r e c u t down, 
1 dunum = 0.1 h e c t a r e 
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they a r e burnt on the spot and the ash and mineral n u t r i e n t s spread 
over the s o i l . Only a few of the owners a p p l i e d d r i e d f i s h , on 
account of the d i s t a n c e of the oases from the c o a s t , but a d d i t i o n a l 
organic matter i s added to the s o i l through the luc e r n e crop. 
T h i s i s u s u a l l y allowed to remain i n the ground for 5-7 y e a r s 
a f t e r p l a n t i n g and, because i t i s c u t so c l o s e to the ground t h a t the 
corn i s damaged, the crop takes on a very patchy appearance a f t e r 
about the t h i r d y e a r . The dead p l a n t s a r e allowed to remain 
and t h e i r subterranean p o r t i o n s decompose i n s i t u . 
The s m a l l h o l d e r s have followed the t r a d i t i o n of organic 
manuring but, because of the r a p i d i n c r e a s e i n c u l t i v a t e d a r e a , 
l o c a l s u p p l i e s have not managed to keep pace w i t h the demand. 
Some s m a l l h o l d e r s t r a v e l c o n s i d e r a b l e d i s t a n c e s i n t o Oman i n order 
to o b t a i n s u p p l i e s , w h i l e others a r e changing to humus imported 
from the Lebanon. There has been a tendency f o r the s m a l l h o l d e r s 
to use c o n s i d e r a b l e q u a n t i t i e s of m i n e r a l f e r t i l i s e r s e s p e c i a l l y , 
superphosphate which i s a p p l i e d to fodder crops a t a r a t e of 20-
60 kgs/dunum/annum. I t was Department of A g r i c u l t u r e p o l i c y , 
i n 1969, to d i s t r i b u t e f r e e superphosphate to s m a l l h o l d e r s growing 
l u c e r n e , each s m a l l h o l d e r r e c e i v i n g amounts e q u i v a l e n t to an 
a p p l i c a t i o n of 25 kgs per dunum of l u c e r n e . Sulphate of ammonia 
i s the common f e r t i l i s e r a p p l i e d to vegetable crops with r a t e s of 
a p p l i c a t i o n being v a r i a b l e , up to 35 kgs/dunum/annum. F e r t i l i s e r 
a p p l i c a t i o n s a r e e s s e n t i a l f o r the cash crops remove c o n s i d e r a b l e 
q u a n t i t i e s of n u t r i e n t s from the s o i l , which i s not over endowed 
with nitrogen,phosphate and potash ( s e e a n a l y t i c a l r e s u l t s , Appendix 
1.) 
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4.3 The e f f e c t of a g r i c u l t u r a l p r a c t i c e s on s o i l c h a r a c t e r i s t i c s 
Because of the i n c r e a s e d c o n t i n e n t a l i t y of the a r e a , the 
ve g e t a t i o n tends to be much s p a r s e r than on the outwash p l a i n s 
of Ras-al-Khaimah, d e s p i t e a g r e a t e r v a r i e t y of s p e c i e s p r e s e n t . 
Consequently, s o i l o r g a n i c matter i s much lower, and s t r u c t u r e 
i s weakly developed w i t h s i n g l e g r a i n s t r u c t u r e predominating 
i n most h o r i z o n s . The n a t u r a l s o i l s tend to be yermosols or 
x e r o s o l s , though r e g o s o l s a r e a l s o p r e s e n t ( f i g u r e 1 0 ) . 
Hunting T e c h n i c a l S e r v i c e s c a r r i e d out a s o i l survey f o r S i r 
A. Gibb and P a r t n e r s (1969) but they were only concerned w i t h 
a s s e s s i n g the s u i t a b i l i t y of v i r g i n s o i l s f o r a g r i c u l t u r a l 
development, and no attempt was made to a s s e s s the changes 
t h a t had occurred i n c u l t i v a t e d s o i l s as a r e s u l t of d i f f e r e n t 
a g r i c u l t u r a l p r a c t i c e s , - v i r t u a l l y none of t h e i r p r o f i l e p i t s 
were l o c a t e d on^ c u l t i v a t e d l a n d . 
The author, i n t h i s study of the e f f e c t s of c u l t i v a t i o n 
on s o i l c h a r a c t e r i s t i c s a t A l A i n , examined 30 p r o f i l e s i n the 
f i e l d , the m a j o r i t y being l o c a t e d i n c u l t i v a t e d h o l d i n g s . 
Routine l a b o r a t o r y a n a l y s e s were then undertaken on 52 samples 
d e r i v e d from 14 p r o f i l e s (10 c u l t i v a t e d ) . I n a d d i t i o n to the 
r o u t i n e a n a l y s e s , X-ray d i f f r a c t i o n s t u d i e s were made of s e l e c t e d 
samples and the f r e e i r o n oxides were a l s o determined. 
Some of the changes th a t have occurred through c u l t i v a t i o n can 
be i l l u s t r a t e d i n a sequence of f i v e s o i l p i t s ( p r o f i l e s 12-16) 
a t A l J i m i , one of the northern oases i n the group. The 
l o c a t i o n s of the f i v e s o i l p i t s a r e shown on f i g u r e 11 and a t each 
of these p i t s a d i f f e r e n t type of a g r i c u l t u r e was p r a c t i s e d : 
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( i ) P r o f i l e 12. T h i s p r o f i l e was lo c a t e d o u t s i d e a 
sm a l l h o l d i n g on u n c u l t i v a t e d land which had a sparse ( »5%) 
cover of Haloxylon s a l i c o r n i c u m t h a t was used for g r a z i n g . 
Haloxylon s a l i c o r n i c u m grows on s m a l l mounds which a r e the 
r e s u l t of f o l i a g e trapping the a e o l i a n m a t e r i a l . Unless 
d i s t u r b e d , such u n c u l t i v a t e d x e r o s o l p r o f i l e s have a t h i n 
s i l t c r u s t which g i v e s the s o i l some p r o t e c t i o n from wind 
e r o s i o n . I n c l o s e proximity to A l J i m i v i l l a g e , t h i s c r u s t 
has been d i s t u r b e d and windblow of the t o p s o i l i s common with 
some s m a l l dunes, l e s s than 1 metres i n height, being present 
i n the v i c i n i t y of p r o f i l e p i t 12. The p r o f i l e i s t y p i c a l 
of the u n c u l t i v a t e d x e r o s o l s t h a t occur i n the a r e a . 
( i i ) P r o f i l e 13. The s o i l p i t was l o c a t e d i n a 
sm a l l h o l d i n g t h a t c o n c e n t r a t e s on vegetable production and 
which was e s t a b l i s h e d i n 1958. The p l o t i n which the p r o f i l e 
p i t was s i t e d was i n summer f a l l o w a t the time of sampling 
( J u l y 1969) but had grown cabbages the previous w i n t e r . Organic 
manure had been a p p l i e d a t a r a t e of 0.75 metric tons/dunum 
s i x days p r i o r to the p l a n t i n g of the cabbage crop, w h i l e 
s u l p h a t e of ammonia had been a p p l i e d a t a r a t e of 33 legs/ 
dunum given i n two a p p l i c a t i o n s . The f i r s t of these was 
given when the cabbages were about 15 cms high and the second 
a f o r t n i g h t l a t e r . I r r i g a t i o n of the cabbage crop took p l a c e 
once weekly u s i n g water having an e l e c t r i c a l c o n d u c t i v i t y of 
1.1 mmhos/cm a t 25°C. 
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( i i i ) P r o f i l e 14. T h i s s o i l p i t was l o c a t e d i n a 
holding which was e s t a b l i s h e d i n 1953 i n a p l o t which had grown 
luce r n e f o r the previous s i x y e a r s and, as a consequence, was 
very patchy. C i t r u s t r e e s had been p l a n t e d i n the p l o t four 
y e a r s p r e v i o u s l y but they had a very c h l o r o t i c appearance, 
p o s s i b l y due to the high f r e e c a l c i u m carbonate contents 
i n h i b i t i n g the uptake of n u t r i e n t s . However, superphosphate 
had been a p p l i e d to the p l o t i n 1968 a t a r a t e of 55 kgs/dunum 
and i t has been recorded t h a t the a p p l i c a t i o n of phosphate 
f e r t i l i s e r s could m o b i l i s e copper by the c o n v e r s i o n of mono-
ca l c i u m phosphate i n t o phosphoric a c i d , c a u s i n g t o x i c l e v e l s 
of copper to occur around the c i t r u s r o o t s (Spencer, 1963). 
The superphosphate had had l i t t l e . e f f e c t on the l u c e r n e crop 
due to the age of the crop when i t was a p p l i e d . Some organic 
manure^nad a l s o been a p p l i e d when the c i t r u s t r e e s were p l a n t e d . 
I r r i g a t i o n was twice weekly i n summer and weekly during the 
w i n t e r months wi t h water having a c o n d u c t i v i t y of 0.85 mmhos/cm 
at 25°C. 
( i v ) P r o f i l e p i t 15 was l o c a t e d i n the same holding as p i t 
14 but was s i t u a t e d i n the p a r t of the garden t h a t had been 
given over to dates s i n c e the establishment of the h o l d i n g . 
Fodder crops had been grown beneath the date palms, and a t the 
time of sampling, the remains of a l u b i a ( D o l i c h o s l a b l a b ) crop 
were i n evidence. Organic manure had been a p p l i e d a t a r a t e of 
about 0.75 m e t r i c tons/annum each year w h i l e some superphosphate 
had been a p p l i e d i n the p a s t . . ^ I r r i g a t i o n was a t weekly i n t e r v a l s 
i 
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P l a t e 5 
S o i l prof11* under 16 year o l d datea, A l J l n l , Abu Dhabi ( p r o f i l e 1 5 ) . 
( v ) P r o f i l e p i t 16 was s i t e d i n a t r a d i t i o n a l date garden. 
The p l o t was i r r i g a t e d a t i n t e r v a l s of th r e e weeks i n the summer 
and 12 days i n wint e r by f a l a j water having a c o n d u c t i v i t y of 
about 0.47 mmhos/cm a t 25°C, The owner had no w e l l or pump 
to supplement f a l a j s u p p l i e s . The date palms were growing 
on s m a l l bunds s e p a r a t i n g p l o t s which were used for the 
c u l t i v a t i o n of fodder and bedding crops such as l u b i a , lucerne 
and 'dhufra' (a v e t c h ) . No mi n e r a l f e r t i l i s e r s had been 
a p p l i e d but o r g a n i c matter i s spread over the p l o t s a t a r a t e 
of 1.5 m e t r i c tons/dunum each y e a r . However, i r r i g a t i o n washes 
the o r g a n i c manure to the ends of the p l o t s f u r t h e s t from the 
source of the i r r i g a t i o n water, and the b e n e f i c i a l e f f e c t s of 
manuring a r e only f e l t to t h e i r f u l l i n a s m a l l p a r t of the p l o t . 
A d d i t i o n a l organic manure was a l s o added!to the s o i l through the 
owner keeping cows, sheep and goats i n the date garden during 
the summer months. 
Comparative a n a l y t i c a l data f o r the f i v e p r o f i l e s i n the 
s o i l t r a n s e c t a t A l J i m i a r e given i n Table 4.2. Some of the 
trends apparent i n the s o i l s of Ras-al-Khaimah as a r e s u l t of 
c u l t i v a t i o n a l s o occur i n these p r o f i l e s , i n p a r t i c u l a r the i n c r e a s e 
i n organic matter content, but th e r e a r e a l s o some anomalies. 
There i s no apparent d e c a l c i f i c a t i o n of the s o i l s under t r a d i t i o n a l 
date c u l t i v a t i o n , and c a l c i u m carbonates remain over 40% throughout 
most of the p r o f i l e . Two e x p l a n a t i o n s may be invoked. F i r s t l y , 
the date gardens a r e surrounded by high mounds ( f i g u r e 11) which 
S i r A. Gibb and P a r t n e r s (1969) p a r t i a l l y a t t r i b u t e d to the 
e r o s i o n of an o l d land s u r f a c e . However, the author c o n s i d e r s 
t h a t many of these mounds a r e composed of m a t e r i a l r e s u l t i n g from 
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the o r i g i n a l c l e a r a n c e and l e v e l l i n g of the o l d date garden 
a r e a . Such c l e a r a n c e and l e v e l l i n g could have removed some of the 
top d e p o s i t s and p r o f i l e 12 shows high c a l c i u m carbonate contents 
(43.5%) at a depth of 127-132 cms. Furthermore, a p r o f i l e 
p i t dug by Hunting T e c h n i c a l S e r v i c e s (quoted i n S i r A. Gibb 
and P a r t n e r s , 1965) to the e a s t of Qattarah o a s i s a l s o had a 
carbonate content of 40% below lmetre ciepth. These f i g u r e s 
ar e very s i m i l a r to those o c c u r r i n g i n the top sample of p r o f i l e 
16 l o c a t e d i n the t r a d i t i o n a l date garden. A second e x p l a n a t i o n 
i s t h a t because of the lower i r r i g a t i o n duty, the reducing 
c o n d i t i o n s p r e v a i l f o r much s h o r t e r p e r i o d s which are 
i n s u f f i c i e n t to cause any marked d e c a l c i f i c a t i o n . 
The i n c r e a s e i n the s i l t and c l a y content i n the t o p s o i l 
samples may not thus be wholly r e l a t e d to a g r i c u l t u r a l p r a c t i c e , 
though the f a l a j water used for i r r i g a t i o n might be expected 
to cause an i n c r e a s e i n the amount of f i n e m a t e r i a l i n the 
t o p s o i l . S i r \V. Halcrow and P a r t n e r s (1369) comment on the f a c t 
that a number of a f l a j i n the A l A i n area had f a l l e n i n t o d i s u s e 
through blockage of the underground channels by s i l t , w h i l s t 
others had t h e i r flow s e v e r e l y reduced. T h e i r teams had c l e a r e d 
out a number of blocked a f l a j to improve the flow of i r r i g a t i o n 
water zo the main oases when t h i s study was undertaken. 
M a t e r i a l c a r r i e d i n suspension by the i r r i g a t i o n water presumably 
would have to be deposited somewhere i n the date gardens, but 
i n f a c t t h e r e i s l i t t l e evidence for such d e p o s i t i o n . Some 
de p o s i t i o n c e r t a i n l y occurs where b a t h i n g and washing are c a r r i e d 
on but d e p o s i t i o n i n the date gardens may be modified by a e o l i a n 
m a t e r i a l trapped by the date palms. T h i s a e o l i a n m a t e r i a l i s 
c e r t a i n l y c o a r s e r than t h a t t r a n s p o r t e d by the f a l a j water 
and t h e r e i s a high frequency of dust storms e s p e c i a l l y when 
the shamal (NW wind) blows. 
As a t Ras-al-Khaimah, there tends to be an i n c r e a s e 
i n the organic matter content, as r e f l e c t e d i n the o r g a n i c 
carbon percentages, depending upon the length and type of 
c u l t i v a t i o n . The amount of o r g a n i c carbon i n p r o f i l e p i t 
12 may be considered anomalous f o r two Haloxylon s a l i c o r n i c u m 
bushes were growing i n c l o s e proximity to the p i t , u n c u l t i v a t e d 
p r o f i l e s quoted by Hunting T e c h n i c a l S e r v i c e s and o t h e r s sampled 
by the author have organic carbon contents of about 0.5%. The . 
r e l a t i v e l y high l e v e l s of organic carbon o c c u r r i n g i n the top 
sample of p r o f i l e 13 (1.32%) may be a t t r i b u t e d to the remnants 
of the cabbage crop decomposing i n the s u r f a c e l a y e r s . I t i s 
c o n s i d e r e d t h a t the r e g u l a r a d d i t i o n s of organic matter, a p p l i e d 
before each vegetable crop i s p l a n t e d , have had comparatively 
l i t t l e e f f e c t on the long term b u i l d up of organic matter 
content i n the s o i l , f o r , not only w i l l the frequent i r r i g a t i o n s 
a s s i s t r a p i d decomposition but a l s o the high l e v e l of d i r e c t 
i n s o l a t i o n during the summer f a l l o w p e r i o d w i l l a l s o cause 
o x i d a t i o n . T h i s i s emphasised by the r e l a t i v e l y low l e v e l 
(0.55%) of organic carbon i n p r o f i l e p i t 14 d e s p i t e the c u l t i v a t i o n 
of l u c e r n e f o r the previous 6 y e a r s . Lucerne i s a crop which 
u s u a l l y adds organic matter to the s o i l i n c o n s i d e r a b l e q u a n t i t i e s 
f o r i t has a c l o s e root system. However, i n the p l o t i n which 
p r o f i l e 14 was l o c a t e d , the crop had a very patchy appearance 
and l i t t l e shade was a f f o r d e d to the s o i l from e i t h e r the crop 
or the young c i t r u s . Consequently, the organic matter on the 
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s u r f a c e was q u i c k l y burnt up while t h a t w i t h i n the p r o f i l e 
decomposed more r a p i d l y as a r e s u l t of the higher s o i l temperatures 
and frequent i r r i g a t i o n s . The e f f e c t of the long e s t a b l i s h e d 
date gardens i s shown by s o i l p r o f i l e 16 and emphasised by p r o f i l e 
p i t 17, l o c a t e d i n the date gardens a t A l A i n . In t h i s l a t t e r 
p r o f i l e , the amount of or g a n i c carbon i n the t o p s o i l sample was 
over 2,1% and the c o l o u r of the s u r f a c e h o r i z o n was 10YR4/2 
(dark g r e y i s h brown), i n c o n t r a s t to the 10YR5/4-7/4 ( y e l l o w i s h 
brown) c o l o u r s that u s u a l l y predominate i n the u n c u l t i v a t e d 
p r o f i l e s . 
D e spite the l a c k of i n c r e a s e i n s o i l o r g a n i c matter 
r e s u l t i n g from the c u l t i v a t i o n of l u c e r n e , the l a t t e r has been 
b e n e f i c i a l to s t r u c t u r a l s t a b i l i t y , as i s shown i n Table 4.3. 
S o i l aggregates were gently wetted to above f i e l d c a p a c i t y 
and the numbers r e s i s t a n t to t h i s treatment noted. The t a b l e 
g i v e s a r e l a t i v e i n d i c a t i o n of the water s t a b i l i t y of the 
aggregates as a r e s u l t of d i f f e r e n t cropping p a t t e r n s . A 
f e a t u r e of the s t r u c t u r e i s that s m a l l ( < 5 nuns diameter) angular 
b l o c k s (almost g r a n u l e s ) only occur i n any a p p r e c i a b l e numbers 
a f t e r a crop of l u c e r n e has been grown, w h i l e i t would a l s o appear 
t h a t they a r e more r e s i s t a n t to i r r i g a t i o n than the medium 
s i z e d aggregates. Furthermore, they can a l s o withstand a c e r t a i n 
amount of mechanical working - the p l o t t h a t had grown luc e r n e 
continuously f o r the p a s t seven y e a r s had been ploughed by 
t r a c t o r only a f o r t n i g h t before sampling. However, th e r e i s 
the suggestion t h a t even these s m a l l aggregates break down 
f a i r l y q u i c k l y w i t h mechanical o p e r a t i o n s , i r r i g a t i o n and d i f f e r e n t 
crops as e x e m p l i f i e d i n the data given f o r the p l o t t h a t had grown 
. ( 
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vegetables f o r two y e a r s f o l l o w i n g seven y e a r s of l u c e r n e . 
C u l t i v a t i o n p r a c t i c e s , i n p a r t i c u l a r manuring and 
f e r t i l i s i n g , do not seem to have improved the n u t r i e n t s t a t u s 
of the s o i l to any a p p r e c i a b l e e x t e n t . The amounts of the 
major n u t r i e n t s (N,P,K) present a t c e r t a i n depths i n each of 
the f i v e p r o f i l e s a r e given i n Table 4.4. Lucerne does not 
appear to have improved the n i t r o g e n s t a t u s of the s o i l s and 
i t was observed t h a t no nodulation had taken p l a c e i n the crop 
growing a t the s i t e of p r o f i l e 14 or i n any other s m a l l h o l d i n g 
growing l u c e r n e . I t was not known whether the seed had been 
in n o c u l a t e d p r i o r to sowing. A l l of the n i t r o g e n i n sulphate 
of ammonia i s i n ammoniacal form which d i s s o l v e s r e a d i l y i n 
water but i t can e n t e r i n t o c a t i o n exchange and be h e l d on 
i 
the c l a y m i c e l l e s . However, only very l i m i t e d amounts can 
be r e t a i n e d by these c o a r s e t e x t u r e d s o i l s and consequently 
l i t t l e long term improvement i n the n i t r o g e n s t a t u s of 
vegetable gardens, e.g. p r o f i l e 13, could be expected. The 
vegetable crop would q u i c k l y u t i l i s e the adsorbed ammonia 
c a t i o n s and t h e r e would probably be very l i t t l e f o r l a t e r 
c o n v e r s i o n to n i t r a t e n i t r o g e n . Furthermore, sampling i n 
midsummer probably provides the minimum q u a n t i t i e s present as 
the high temperatures would cause c o n v e r s i o n to atmospheric 
n i t r o g e n . Superphosphate had been a p p l i e d to l u c e r n e crops 
( e . g . p r o f i l e 14) but again no improvement i n a v a i l a b l e phosphate 
was noted. However, the amount of t o t a l phosphate present i n 
the s o i l , p a r t i c u l a r l y the t o p s o i l . sample, was somewhat higher 
than i n other p r o f i l e s . The a p p l i e d superphosphate probably 
q u i c k l y combined w i t h the f r e e caloium carbonate to form an 
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i n s o l u b l e calcium phosphate compound th a t was u n a v a i l a b l e f o r 
p l a n t n u t r i t i o n , and p r o f i l e 14 contained s u b s t a n t i a l l y higher 
q u a n t i t i e s of t o t a l phosphate i n the t o p s o i l compared to 
the other p r o f i l e s . T h i s r e v e r s i o n to an i n s o l u b l e form i s 
f u r t h e r emphasised by r e l a t i v e l y high ammoniation of super-
phosphate (Volk, 1971). The low a v a i l a b l e potash f i g u r e s 
recorded i n the s o i l s a t A l J i m i t h a t had grown e i t h e r vegetable 
crops or l u c e r n e were not r e f l e c t e d i n other s o i l samples 
c o l l e c t e d i n the o a s i s a r e a . 
There has been no a p p r e c i a b l e i n c r e a s e i n s o i l s a l i n i t y 
as a r e s u l t of c u l t i v a t i o n a t A l J i m i because the i r r i g a t i o n 
i) 
water had a low s a l i n i t y and the c o a r s e - t e x t u r e d s o i l s a r e 
n a t u r a l l y f r e e l y d r a i n i n g , f o r t h i c k g r a v e l d e p o s i t s are 
u s u a l l y found w i t h i n 3 metres of the s u r f a c e . Elsewhere i n 
the o a s i s a r e a , problems have a r i s e n through in h e r e n t s o i l 
s a l i n i t y or s a l i n e water being used for i r r i g a t i o n . On the 
Department of A g r i c u l t u r e Experimental Farm, the l i n e of an 
o l d f a l a j i s r e f l e c t e d i n a b e l t of s a l i n e s o i l s running 
through the farm. While the f a l a j was excavated i n sandy or 
g r a v e l l y d e p o s i t s , these underlay s i l t y loam or s i l t y c l a y 
loam d e p o s i t s . As the f a l a j became blocked the s a l i n i t y of 
the water undoubtedly i n c r e a s e d ( t h e r e i s a g e n e r a l tendency 
for s a l i n i t y to i n c r e a s e w i t h i n c r e a s i n g amounts of sediment) 
and water seeping i n t o the o v e r l y i n g heavy t e x t u r e d horizons 
would evaporate l e a v i n g behind c o n c e n t r a t i o n s of s o l u b l e s a l t s . 
T h i s i s shown i n p r o f i l e p i t 18 where a c o n d u c t i v i t y of 40 
mmhos/cm a t 25°C was recorded i n the t o p s o i l sample and strawberry 
c u l t i v a t i o n had f a i l e d . 
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To the south of A l Ain , on the e a s t e r n f l a n k s of J e b e l 
H a f i t , the i r r i g a t i o n water i s s a l i n e but the s o i l s a r e r e l a t i v e l y 
f r e e l y d r a i n i n g . M o d i f i c a t i o n s to an e x i s t i n g garden allowed 
a completely u n i r r i g a t e d s o i l - p r o f i l e ( p r o f i l e I S ) to be 
compared w i t h one sampled beneath an i r r i g a t i o n channel 
( p r o f i l e 2 0 ) . The l a t t e r had been used d a i l y for about a 
year and the i r r i g a t i o n water a t the time of sampling had a 
c o n d u c t i v i t y of 5.1 mmhos/cm at 25°C. Under these i n t e n s e 
c o n d i t i o n s , during which the s o i l d i d nor dry out, there 
has been almost continuous downward t r a n s l o c a t i o n of s o l u b l e 
s a l t s . Comparative data f o r the two p r o f i l e s a r e given i n 
Table 4.5. There has been a g e n e r a l r e d u c t i o n i n c o n d u c t i v i t y 
i n p r o f i l e 20 r e f l e c t i n g a net l o s s of s o l u b l e s a l t s out of 
the upper p a r t s of the p r o f i l e and, i n p a r t i c u l a r , t h i s l o s s 
of s o l u b l e s a l t s has f a l l e n most h e a v i l y on the c h l o r i d e s which 
have almost been completely washed out of the s o i l . There 
have a l s o been marked l o s s e s i n the amounts of sulphate p r e s e n t . 
P r o f i l e 20 i s not r e p r e s e n t a t i v e of what would happen 
under t r a d i t i o n a l techniques, f o r the s o i l p r o f i l e was never 
allowed to dry out. T r a d i t i o n a l i r r i g a t i o n techniques not 
only a l l o w the t o p s o i l to p a r t i a l l y dry out between i r r i g a t i o n s , 
but a l s o the s o i l d r i e s out to ax l e a s t 50 cms during the 
f a l l o w p e r i o d i f vegetables are being grown. Using i r r i g a t i o n 
water of t h i s s a l i n i t y (5.1 mmhos/cm a t 25°C) the s o l u b l e 
s a l t s w i l l wash down the p r o f i l e where they w i l l accumulate 
u n l e s s t h e r e i s good drainage - i n the A l Ain o a s i s area some 
c a l i c h e h o r i z o n s form impermeable b a r r i e r s to downward drainage, 
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e s p e c i a l l y i n the v i c i n i t y of J e b e l H a f i t . Furthermore, 
during the f a l l o w p e r i o d t h e r e w i l l be upward movement of 
c a p i l l a r y moisture which w i l l cause s o l u b l e s a l t s to accumulate 
i n the t o p s o i l . S a l i n e water has been used s u c c e s s f u l l y f o r 
i r r i g a t e d a g r i c u l t u r e on very c o a r s e t e x t u r e d s o i l s , having 
l e s s than about 8% s i l t and c l a y f r a c t i o n s , but i f hi g h l y 
s a l i n e water i s to be used s u c c e s s f u l l y a c o r r e c t i o n i c balance 
must e x i s t between the sodium and potassium c a t i o n s i n the 
i r r i g a t i o n water (Boyko, 1966). T h i s c o r r e c t i o n i c balance 
should not be l e s s than t h a t which p r e v a i l s i n seawater (about 
3 1 ^ o f the t o t a l s o l i d s i n seawater a r e of sodium w h i l e about 
1% a r e potassium) and Heimann ( i n Boyko, 1966) suggests t h a t 
the c o n c e n t r a t i o n of potassium should be about 5-10% t h a t of 
sodium. While s a l t t o l e r a n c e of crops l i s very complex, i t 
would seem u n l i k e l y t h a t a g r i c u l t u r e w i l l succeed f o r any 
length of time on the medium t e x t u r e d s o i l s south of A l A i n , 
p a r t i c u l a r l y as the i r r i g a t i o n water has unbalanced i o n i c r a t i o s , 
w i t h the potassium c o n c e n t r a t i o n only being about 2-5% t h a t of 
sodium. 
4.4 Weathering w i t h i n the s o i l solum 
The a d d i t i o n of i r r i g a t i o n water r a d i c a l l y a l t e r s the s o i l 
c l i m a t e and a f f e c t s the weathering of m i n e r a l s w i t h i n the s o i l 
p r o f i l e . While the u n c u l t i v a t e d s o i l s a r e a r i d throughout most 
of the year ( t h e i r only moisture i s de r i v e d from d e w f a l l and 
the s p a r s e i r r e g u l a r r a i n f a l l ) , the s o i l s of the t r a d i t i o n a l 
date gardens a r e s u b j e c t e d to p e r i o d i c reducing c o n d i t i o n s when 
each i r r i g a t i o n i s a p p l i e d . Furthermore, except f o r the s u r f a c e 
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c e n t i m e t r e or so, the p r o f i l e remains moist during the i n t e r v a l s 
between i r r i g a t i o n s . In c o n t r a s t , the s o i l s which have been 
c u l t i v a t e d f o r vegetables a r e s u b j e c t e d to a marked s e a s o n a l 
moisture regime w i t h frequent periods when r e d u c t i o n i s dominant, 
during the w i n t e r cropping season, w h i l e a r i d c o n d i t i o n s p r e v a i l 
during the long summer f a l l o w p e r i o d . Lucerne has a very 
s i m i l a r moisture regime to t h a t of the date gardens during the 
f i r s t year or so of cropping, but, as the crop becomes p a t c h i e r , 
the s u r f a c e h o r i z o n s w i l l dry out between i r r i g a t i o n s and the 
regime w i l l become s i m i l a r to t h a t of vegetable crops i n the 
w i n t e r p e r i o d . 
The e f f e c t s of these d i f f e r e n t moisture regimes on f r e e 
i r o n oxides a r e shown i n Table 4.6, i n which the two p l o t s t h a t 
had grown l u c e r n e a r e i n c l u d e d w i t h v e g e t a b l e s , f o r both p l o t s 
were a t the end of l u c e r n e c u l t i v a t i o n . Although amounts of 
f r e e i r o n oxide a r e low, there a r e s u b s t a n t i a l l y g r e a t e r amounts 
pre s e n t i n the s o i l s s u b j e c t to the moister regimes. P r o f i l e s 
15 and 20 were s u b j e c t e d to longer p e r i o d s of continuous 
r e d u c t i o n than the other p r o f i l e s and, although being ' c u l t i v a t e d ' 
fo r much s h o r t e r periods of time than the t r a d i t i o n a l date garden, 
c o n t a i n very s i m i l a r amounts of f r e e i r o n o x i d e . The amount of 
f r e e i r o n oxide p r e s e n t i n the s o i l i s thus r e l a t e d to the 
frequency and i n t e n s i t y of reducing c o n d i t i o n s . A s i m i l a r 
c o n c l u s i o n has been made by G e r e i (1968) f o r solonchak s o i l s 
i n Hungary, where u n c u l t i v a t e d bog solonchak s o i l s contained 
much higher q u a n t i t i e s of 'readi-ly s o l u b l e i r o n ' than the f r e e l y 
d r a i n i n g solonchak s o i l s whose upper horizo n s were dry f o r much 
of the y e a r . 
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The s i l i c a - s e s q u i o x i d e r a t i o s ( S i / R ) of the c l a y f r a c t i o n 
give an i n d i c a t i o n of the amount of weathering t h a t has taken 
p l a c e w i t h i n the solum, i n p a r t i c u l a r the r e l a t i v e r a t e s of 
removal/accumulation of i r o n , aluminium and s i l i c o n . 
B l o o m f i e l d (1953, 1954 and 1957) i n h i s s t u d i e s of p o d s o l i s a t i o n 
has shown t h a t the water e x t r a c t s of p l a n t r e s i d u e s tend to 
d i s s o l v e i r o n and aluminium hydroxides and that c a r b o x y l i c 
a c i d s and polyphenols are important i n the d i s s o l u t i o n and 
r e d u c t i o n of s e s q u i o x i d e s . B l o o m f i e l d considered t h a t these 
p r o c e s s e s took p l a c e when the s o i l was at a n e u t r a l , or near-
n e u t r a l r e a c t i o n and under a e r o b i c c o n d i t i o n s . I n the long-
e s t a b l i s h e d date gardens, where th e r e i s a r e g u l a r a d d i t i o n of 
organic matter and the s o i l remains moist, though aerobic, for 
the g r e a t e r p a r t of the year, i t would seem th a t c o n d i t i o n s might 
be s u i t a b l e f o r the d i s s o l u t i o n and r e d u c t i o n of s e s q u i o x i d e s . 
As w i l l be seen i n Chapter 6, the e a r l y stages i n the decomposition 
of organic matter from Tamarix a p h y l l a are c h a r a c t e r i s e d by a 
marked de p r e s s i o n i n the pH values as the h e m i c e l l u l o s e s decompose 
and w h i l e experimentation on the decomposition of l i t t e r from 
date palms, lu c e r n e or l u b i a was not c a r r i e d out, the same trend 
w i l l undoubtedly occur, though not so marked. The heavy 
i r r i g a t i o n , a p p l i e d a t frequent i n t e r v a l s to these r e l a t i v e l y 
l i g h t t e x t u r e d s o i l s , would l e a c h out the s e s q u i o x i d e s and thus 
prevent any accumulation at depth w i t h i n the p r o f i l e . The data 
presented i n Table 4.7 r e f l e c t the d i s s o l u t i o n and r e d u c t i o n of the 
s e s q u i o x i d e s i n the s u r f a c e horizons of the two p r o f i l e s l o c a t e d 
i n the l o n g - e s t a b l i s h e d date gardens. I t would seem that t h i s 
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e f f e c t i s r e s t r i c t e d to the top.50 cms or so of the p r o f i l e 
and beneath t h i s depth the Si/R r a t i o s of both c u l t i v a t e d and 
u n c u l t i v a t e d p r o f i l e s a r e v i r t u a l l y the same. From the SiOg: 
FegOg r a t i o s , i t would seem th a t the i r o n oxides a r e more 
s u s c e p t i b l e to weathering than the aluminium o x i d e s . 
In order to s u b s t a n t i a t e the theory t h a t c u l t i v a t i o n causes 
a d i f f e r e n c e i n the weathering regime of a r i d zone s o i l s , the c l a y 
f r a c t i o n s of most samples from the s o i l p r o f i l e s a t A l Ain were 
s u b j e c t e d to X-ray d i f f r a c t i o n a n a l y s i s by the author i n the 
Durham s o i l l a b o r a t o r i e s . R e s u l t s were somewhat i n c o n c l u s i v e 
owing to the f l u v i a l and a e o l i a n modes of d e p o s i t i o n of the 
parent m a t e r i a l but the g r e a t e s t c o n t r a s t s were e x h i b i t e d between 
p r o f i l e s 12 and 16. These a r e the u n c u l t i v a t e d and date garden, 
members, r e s p e c t i v e l y , of the s o i l t r a n s e c t a t H i l i and the / 
r e l e v a n t d i f f r a c t i o n t r a c e s a r e shown i n f i g u r e 12. 
Each c r y s t a l l i n e m i n e r a l i n the c l a y f r a c t i o n has i t s own 
atomic s t r u c t u r e which d i f f r a c t s X-rays i n a c h a r a c t e r i s t i c 
p a t t e r n unique to t h a t substance. For i n s t a n c e , i l l i t e has 
a main peak a t about 10 A 1 w i t h s u b s i d i a r y peaks a t 4.98A and 3.31A. 
These sp a c i n g s a r e u s u a l l y s u f f i c i e n t to diagnose the presence 
of i l l i t e and, i n theory, i t should be p o s s i b l e to i d e n t i f y each 
of the m i n e r a l s present i n the c l a y f r a c t i o n by i t s c h a r a c t e r i s t i c 
d i f f r a c t i o n p a t t e r n . In p r a c t i c e , t h e r e a r e c o n s i d e r a b l e problems, 
p a r t i c u l a r l y when i n t e r p r e t i n g t r a c e s from s o i l s of a r i d r e g i o n s : -
( i ) A r i d zone s o i l s have low weathering i n d i c e s e.g. Jackson 
A = Angstrom u n i t 
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(1968) as shown i n Table 4.8. Consequently, m i n e r a l s such as 
gypsum and carbonates of cal c i u m and magnesium tend to dominate, 
even i n the c l a y f r a c t i o n , and form the major peaks on the 
d i f f r a c t i o n t r a c e s . Strong peaks, such as those a t 2.84A or 
2.64A which may be a t t r i b u t e d to gypsum and/or calcium/magnesium 
carbonate tend to obscure weak d i f f r a c t i o n peaks of mixed-layer 
c l a y s and a t t a p u l g i t e r e s p e c t i v e l y . 
( i i ) C lay m i n e r a l s r a r e l y occur i n 'pure' form and, i n 
a r i d zone s o i l s , mixed l a y e r m i n e r a l s a r e common. T h i s r e s u l t s 
from the d e s s i c a t i o n to which the s o i l s a r e s u b j e c t e d and the 
high base s t a t u s t h a t p r e v a i l s , i n p a r t i c u l a r the presence of 
r e l a t i v e l y high l e v e l s of exchangeable K. T h i s a l l o w s the 
f o l l o w i n g weathering sequence to take p l a c e , as noted by F i n e 
e t . a l . ( 1 9 4 1 ) . 
i 
montmorillonite < > v e r m i c u l i t e <• > i l l i t e 
As t h i s p r o g r e s s i o n i s r e v e r s i b l e , montmorillonite/vermiculi.te 
mixed-layers occur w h i l s t the presence of c h l o r i t e , recognised 
by peaks a t 14.3A and 4.72A, leads to the presence of mo n t m o r i l l o n i t e -
v e r m i c u l i t e - c h l o r i t e i n t e r g r a d e s . 
( i i i ) X-ray d i f f r a c t i o n peaks confirm the presence of m i n e r a l s 
but the absence of a sequence of peaks does not n e c e s s a r i l y mean 
t h a t t h a t m ineral i s absent. For i n s t a n c e , the c h a r a c t e r i s t i c , 
quartz peaks, a t 3.34A, 4.26A, 2.44A and 2.28A, occur when only 
minute q u a n t i t i e s ( < 5 % ) of quartz may be present i n the c l a y 
f r a c t i o n , w h i l e c h l o r i t e peaks, a t 14.3A and 4.72A, may not be 
re p r e s e n t e d even when 10% of the c l a y f r a c t i o n i s composed of 
c h l o r i t e . I n the samples i n v e s t i g a t e d , the problem i s f u r t h e r 
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a c c e n t u a t e d , as most c o n t a i n l e s s than 15% c l a y and i t may be 
r e l a t i v e l y easy to miss a m i n e r a l . 
However, b e a r i n g i n mind the above p o i n t s , some s i g n i f i c a n t 
d i f f e r e n c e s between an o a s i s s o i l and an u n c u l t i v a t e d s o i l , as 
e x e m p l i f i e d by p r o f i l e s 12 and 16 ( f i g u r e 12), may be p o s t u l a t e d : 
( i ) The broader and more d i f f u s e peaks t h a t occur i n the 
t o p s o i l samples of p r o f i l e 16 ( t h e c u l t i v a t e d o a s i s s o i l ) suggest 
t h a t the c l a y m i n e r a l s a r e more weathered than i n the u n c u l t i v a t e d 
s o i l . T h i s i s p a r t i c u l a r l y t r u e of peaks g r e a t e r than 9A. As 
weathering proceeds, the m i n e r a l s t r u c t u r e s a l t e r and the sharp 
peaks of unweathered m i n e r a l s become broader and more d i f f u s e , 
and,as new m i n e r a l s form, the peaks themselves a l t e r . 
( i i ) The u n c u l t i v a t e d s o i l has a d i s t i n c t peak a t 11.8A. 
As t h e r e a r e a l s o peaks a t 4.45A and 2.98A, i t i s concluded t h a t 
t h i s i s a form of b a s i c aluminium s i l i c a t e p r esent i n e i t h e r a 
mixed-layer c l a y or an i n t e r g r a d e . The 11.8A peak occurs i n 
much reduced form i n the c u l t i v a t e d p r o f i l e and i t i s suggested 
t 
t h a t t h i s mixed-layer or i n t e r g r a d e c l a y m i n e r a l i s the l e a s t 
s t a b l e and weathers most r e a d i l y to form other c l a y m i n e r a l s . 
( i i i ) S i d e r i t e , an i r o n c a r b o nate, with peaks a t 2.79A 
and 3.59A appears to be p r e s e n t i n p r o f i l e 12, but i t s occurrence 
i n the s u r f a c e horizons of the o a s i s s o i l i s much l e s s c e r t a i n . 
I t may thus be a source of the s o l u b l e i r o n d i s c u s s e d e a r l i e r 
i n t h i s s e c t i o n . 
Few s t u d i e s have been made of weathering w i t h i n the s o l a of 
s o i l s under d i f f e r e n t i n t e n s i t i e s and length of c u l t i v a t i o n . While 
the c u r r e n t s t u d i e s show that t h e r e a r e d i f f e r e n c e s i n the weathering 
-105-
regimes of u n c u l t i v a t e d and c u l t i v a t e d a r i d zone s o i l s , these 
d i f f e r e n c e s would appear to be more s u b t l e than were o r i g i n a l l y 
envisaged by the author. I t may be t h a t , i n an environment 
such as t h a t a t A l Ain, the heterogeneity of the parent m a t e r i a l 
masks important m i n e r a l o g i c a l changes i n the s o i l solum t h a t 
r e s u l t from weathering p r o c e s s e s . 
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CHAPTER 5 
Tendaho P l a n t a t i o n s , Lower Awash V a l l e y , E t h i o p i a : 
Cotton c u l t i v a t i o n 
5.1 The P h y s i c a l Environment 
The lower Awash V a l l e y , forming p a r t of the E a s t A f r i c a n 
and Red Sea R i f t System, l i e s a t an e l e v a t i o n of l e s s than 500 
metres. While the a r e a i s , and has been, one of accumulation 
of m a t e r i a l brought down by the R i v e r Awash, the r e has been a 
complex geomorphological h i s t o r y . T h i s has been o u t l i n e d by 
SOGREAH (19 6 5 ) . I n a former p l u v i a l p e r i o d , l a c u s t r i n e c o n d i t i o n s 
e x i s t e d i n the a r e a and d e l t a i c d e p o s i t s were l a i d down, these 
b e i n g r e f l e c t e d i n the s h e l l banks t h a t occur, f o r i n s t a n c e , to 
the west of Assayita. S u r f a c e d e p r e s s i o n s were g r a d u a l l y f i l l e d 
up by the very v a r i e d d e p o s i t s brought down by the R i v e r Awash 
and, as r a i n f a l l became l e s s e f f e c t i v e , the a r e a of the l a k e s 
was g r a d u a l l y reduced. F o l l o w i n g the p l u v i a l p e r i o d , there 
was some d e p o s i t i o n of a e o i i a n sands, f o r example along the 
western edge of Dubti P l a n t a t i o n , and t h i s phase was followed 
by the p r e s e n t d e p o s i t i o n p a t t e r n of the R i v e r Awash. The 
d e p o s i t s of the R i v e r Awash show c o n s i d e r a b l e v a r i a b i l i t y for 
the course of the r i v e r has been c o n s t a n t l y changing, p o s s i b l y 
as a r e s u l t of v o l c a n i c and t e c t o n i c a c t i v i t y t h a t s t i l l o c c u r s , 
w h i l e h i l l w a s h and minor stream sediments have a l s o added to the 
d i v e r s i t y of the d e p o s i t s . Fumarolic a c t i v i t y occurs i n s e v e r a l 
p a r t s of the lower Awash v a l l e y , e s p e c i a l l y on the northern edge 
of the Dubti P l a n t a t i o n , w h i l e earthquake a c t i v i t y i s by no means 
unknown. In 1969, an earthquake caused c o n s i d e r a b l e damage and 
k i l l e d 39 people a t the town of Sardo (Dakin e t . a l , 1971), w h i l e , 
near Logiya, l a v a flows of Recent age o v e r l i e alluvium. The 
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geomorphic regions of the lower Awash v a l l e y a r e shown on 
f i g u r e 13. 
The c l i m a t e of the lower Awash v a l l e y i s a r i d with r a i n f a l l 
mainly o c c u r r i n g i n the l a t e summer as a r e s u l t of the monsoonal 
c i r c u l a t i o n , but the ' l i t t l e r a i n s ' may occur i n the s p r i n g . 
T able 5.1 g i v e s a summary of the m e t e o r o l o g i c a l data recorded 
a t Dubti over the p e r i o d 1964-1972. SOGREAH (1965) regard 
i t as extremely r a r e f o r more than one shower to f a l l i n any 
one day. though the d u r a t i o n of the shower may be as much as 
4-5 hours. Showers a r e o f t e n accompanied by e l e c t r i c a l 
d i s t u r b a n c e s i n the atmosphere. In any one month, a t Dubti, 
both the evaporation r a t e s from an open pan and e v a p o t r a n s p i r a t i o n 
as c a l c u l a t e d by the Thornthwaite Method (1948) a r e 
s i g n i f i c a n t l y higher than the r a i n f a l l and, consequently, the 
l a t t e r can only be regarded as a f o r t u i t o u s a d d i t i o n to i r r i g a t i o n . 
Furthermore, any r a i n s t h a t occur i n March and A p r i l a re l o s t 
i n terms of crop u t i l i s a t i o n , f o r the bulk of the c o t t o n p i c k i n g 
has been completed by March and most of the f i e l d s a r e i n f a l l o w 
u n t i l June or J u l y . 
The high summer temperatures lead to a r a p i d d r y i n g out 
of the s o i l s d uring the f a l l o w p e riod, and a l s o to a high r a t e 
of o x i d a t i o n of any o r g a n i c matter p r e s e n t i n the s o i l . I t 
was noted, f o r i n s t a n c e , i n p r o f i l e p i t 22, on the Barga p l a n t a t i o n , 
t h a t the s o i l was dry to 45 cms and only very s l i g h t l y moist 
beneath t h i s , i n August. T h i s s l i g h t l y higher moisture content 
a t depth i s considered to be moisture remaining i n the s o i l from the 
p r e v i o u s season's c u l t i v a t i o n . During the f a l l o w p e r i o d , 
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evaporation from the open pan averaged over 0.75 cms a day 
and as the s o i l d r i e s out, b i o l o g i c a l a c t i v i t y w i l l be s e v e r e l y 
r e s t r i c t e d , though not completely e l i m i n a t e d (Cameron, 1969). 
Because of t h e i r s i z e (Dubti p l a n t a t i o n i s over 5,000 
h e c t a r e s and D i t B a h a r i p l a n t a t i o n i s n e a r l y 2,750 h e c t a r e s ) 
the p l a n t a t i o n s tend to modify the l o c a l c l i m a t e . T h i s i s 
p a r t i c u l a r l y t r u e i n the p e r i o d J u l y - February when the 
p l a n t a t i o n s are i r r i g a t e d thus tending to reduce temperatures 
and i n c r e a s e humidity. Kuffnagel (1961) commented on the 
frequency of ' s p i r a l l y ascending dust storms' but these now 
only a f f e c t the northern edge of Dubti p l a n t a t i o n where they 
blow i n o f f the bare d e s e r t . The young cotton p l a n t s may be 
a f f e c t e d by the high winds t h a t a r e sometimes a s s o c i a t e d with 
t h e s e storms but they a l s o s e r v e to t r a p a e o l i a n m a t e r i a l . 
However, i t i s only the two or three f i e l d s c l o s e s t to t h i s 
n o rthern perimeter that a r e a f f e c t e d , as the net e f f e c t of a 
c o o l e r ground s u r f a c e , caused by i r r i g a t i o n , i s to d e f l e c t the 
dust storms i n a wester l j ' d i r e c t i o n . The author has even seen 
dust storms b i f u r c a t e as they encounter the p l a n t a t i o n boundary. 
While the r a i n f a l l r e c e i v e d by the p l a i n s of the lower 
Awash v a l l e y i s of l i t t l e d i r e c t importance i n the c u l t i v a t i o n 
of c o t t o n , i t i s extremely important t h a t there i s r e g u l a r r a i n f a l l 
on the r i f t v a l l e y escarpment during J u l y and August so t h a t 
the R i v e r Awash has a prolonged autumn f l o o d . The r i v e r has a 
p e r e n n i a l flow but the flow i s n e c e s s a r y f o r the growth of such 
g r a s s e s as A r i s t i d a spp, Andropogon spp and Sporobolus spp, on 
which the nomadic D a n a k i l tribesmen depend to maintain t h e i r 
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herds of c a t t l e during the winter months. Unless there i s 
adequate g r a z i n g , the Danakil look upon the p l a n t a t i o n s as a 
source of c a t t l e feed and much damage can be caused. I r r i g a t i o n 
of the cotton crop a l s o makes c o n s i d e r a b l e demands on the 
flow of the R i v e r Awash. The f i r s t i r r i g a t i o n a p p l i e d to the 
Dubti p l a n t a t i o n between June I S t h and August 15th, 1971, 
before the cotton crop was p l a n t e d , r e q u i r e d 18,175,000 cubi c 
metres of i r r i g a t i o n water, e q u i v a l e n t to about 36 cms 
d i s t r i b u t e d over the p l a n t a t i o n . Cotton r e q u i r e s about 0.35 
cms/day up to the f l o w e r i n g period but during the main f l o w e r i n g 
period i t r e q u i r e s about 0.9 cms/day. (Tendaho P l a n t a t i o n Share 
Company, Research Report, 1967-1968). 
The main f l o o d waters a r e provided by such tributary-
r i v e r s as the Logiya, M i l l e and Borkenna which d r a i n the very 
h e a v i l y eroded land of the escarpment. Consequently, during f l o o d 
flow, the R i v e r Awash i s h e a v i l y charged with sediment. Furthermore,, 
upstream of Tendaho, the g a l l e r y f o r e s t which formerly f r i n g e d 
the r i v e r has been destroyed and bank c o l l a p s e i s frequent and 
a l s o c o n t r i b u t e s to the sediment load when the r i v e r i s i n spate. 
80GREAH (1965) c o n s i d e r that most of the d e p o s i t i o n of the 
c o a r s e r p a r t i c l e s t a k e s p l a c e i n the s e c t i o n of the R i v e r Awash 
between Metehara and Tendaho, but even so the sediment load a t 
Dubti i s probably over 30 m i l l i o n tons a n n u a l l y . Consequently, 
the i r r i g a t i o n waters a p p l i e d to the p l a n t a t i o n s have a high 
sediment content and, w h i l e much of t h i s i s deposited i n the 
i r r i g a t i o n channels, a c o n s i d e r a b l e amount i s a l s o added to the f i e l d s 
each y e a r . Apart from the sediment, the R i v e r Awash i s r e l a t i v e l y 
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low i n s o l u b l e s a l t s ( i t has an e l e c t r i c a l c o n d u c t i v i t y of 
about 0.35 mmhos/cm a t 25°C) and•is a l s o low i n exchangeable 
sodium. I t has been c l a s s i f i e d as being i n the CgS^ category 
for i r r i g a t i o n , i . e . i t has a medium s a l i n i t y hazard but a 
low sodium hazard. 
5.2 C u l t i v a t i o n Techniques 
Four commercial cotton p l a n t a t i o n s were e s t a b l i s h e d i n the 
lower Awash V a l l e y i n the e a r l y 1960s with the two main 
p l a n t a t i o n s being a t Dubti (over 5,000 h e c t a r e s ) and D i t B a h a r i 
(2,750 h e c t a r e s ) , and two s m a l l e r ones a t Barga (a j o i n t venture 
w i t h the Crown P r i n c e of E t h i o p i a ) and Logiya ( f i g . 1 3 ) . Dubti 
and D i t B a h a r i P l a n t a t i o n s were developed on what was v i r t u a l l y 
bare d e s e r t f o r ve g e t a t i o n was r e s t r i c t e d to a narrow b e l t 
f r i n g i n g the r i v e r which was s u b j e c t to annual floods ( t h e r e 
i s a secondary f l o o d i n s p r i n g as a r e s u l t of the ' l i t t l e r a i n s ' 
but i t i s not always r e l i a b l e ) . By 1970/71, n e a r l y 9,000 
h e c t a r e s of cotton were being c u l t i v a t e d on the four p l a n t a t i o n s , 
w h i l e a f u r t h e r 10-12,000 h e c t a r e s were grown by outgrowers. 
The l a t t e r o b t a i n poor y i e l d s of cot t o n , f o r t h e i r i r r i g a t i o n 
methods a r e perfunctory (some growers r e l y s o l e l y on moisture 
remaining i n the s o i l a f t e r the autumn f l o o d s ) , f e r t i l i s e r 
a p p l i c a t i o n s a r e minimal and p l a n t d i s e a s e i s common. 
The main v a r i e t y of co t t o n now grown on the p l a n t a t i o n s 
i s A c a l a 1517D, though formerly A c a l a 1517C was important, which 
i s a medium s t a p l e c o t t o n t h a t i s r e l a t i v e l y r e s i s t a n t to 
blackarm d i s e a s e . I n the e a r l y y e a r s of c u l t i v a t i o n , c o t t o n 
y i e l d s were a f f e c t e d by l a c k of f e r t i l i s e r a p p l i c a t i o n s and the 
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crop not being planted a t the optimum time of the y e a r . 
As a r e s u l t , j a s s i d a t t a c k and blackarm d i s e a s e , caused by 
high h u m i d i t i e s , were p r e v a l e n t . S i n c e 1968, p l a n t i n g of the 
main crop has been c a r r i e d out i n J u l y and August. Germination 
of the seeds takes p l a c e about 4-6 days a f t e r p l a n t i n g w h i l e 
the main f l o w e r i n g p e r i o d occurs about 42 days a f t e r germination. 
The crop i s ready f o r p i c k i n g a f t e r a f u r t h e r 11 weeks and 
t h i s i s c a r r i e d out by hand labour. There has been a steady 
i n c r e a s e i n the y i e l d of seed c o t t o n per h e c t a r e on the 
p l a n t a t i o n s , w i t h y i e l d s a t Dubti r i s i n g from 14.5 q u i n t a l s / 
h e c t a r e i n 1966/67 to 20.1 q u i n t a l s / h e c t a r e i n 1970/71 ( f i g . 1 4 ) . 
The f i r s t i r r i g a t i o n takes p l a c e about 8-14 days before 
the crop i s p l a n t e d , between May and J u l y , and t h i s s e r v e s to 
f l u s h out of the r o o t i n g depth any s o l u b l e s a l t s t h a t have 
accumulated on, or near, the s u r f a c e during the f a l l o w p e r i o d . 
The 25 h e c t a r e f i e l d s a r e flooded to a depth of about 40 cms 
and the water i s allowed to stand f o r a t l e a s t 24 hours. I t 
i s then allowed to d r a i n away i n t o the next f i e l d which i s then 
f u r t h e r flooded so t h a t , i t too, r e c e i v e s approximately the same 
amount of i r r i g a t i o n water. Much of t h i s f i r s t i r r i g a t i o n 
i n f i l t r a t e s i n t o the s o i l but p l a n t i n g can only take p l a c e when 
the t o p s o i l i s s u f f i c i e n t l y dry so as to a l l o w mechanical 
o p e r a t i o n s . The f i e l d s dry out a t a very v a r i a b l e r a t e 
depending on the t e x t u r e of the s o i l - f o r i n s t a n c e , some of the 
c l a y loam s o i l s may take over a f o r t n i g h t f o r them to d r a i n 
s u f f i c i e n t l y to a l l o w t r a c t o r s on^the f i e l d s , w h i l e the sandy 
s o i l s may take only 5—7 days. 
During the p e r i o d between i r r i g a t i o n and p l a n t i n g , t h e r e 
i s vigorous weed growth, e s p e c i a l l y of Cyperus rotundus, though 
i n some p a r t s of the p l a n t a t i o n s the growth of Sesbania sp, a 
legume, i s important. Rapid weed growth r e f l e c t s the moist 
c o n d i t i o n s i n the s o i l and the high a i r temperatures. I t has 
been found t h a t d i s c i n g the f i e l d s immediately p r i o r to p l a n t i n g , 
not only removes the weeds but a l s o t h a t few problems a r i s e 
from t h i s source during crop growth, though hand weeding i s 
u s u a l l y c a r r i e d out a t l e a s t once during the crop growth. 
The c o t t o n seeds a r e sown i n rows with an inter-row spacing 
of 70 or 90 cms, dependant upon the q u a l i t y of the s o i l . 
The c l o s e r s p a c i n g i s used on s o i l s t h a t g i v e poorer y i e l d s 
so as to maintain p l a n t p o p u l a t i o n s . (One of the reasons f o r 
the maintenance of p l a n t populations i s ;that i f these a r e 
allowed to decrease, then the weed population w i l l i n c r e a s e and 
even f u r t h e r reduce the crop y i e l d s ) . In some f i e l d s , a double 
row of seeds has been p l a n t e d i n 1971 with about 120 cms s e p a r a t i n g 
the double row from the next double row. Not only does t h i s 
g i v e an i n c r e a s e d p l a n t population but t r i a l s have suggested 
t h a t higher y i e l d s of seed c o t t o n , per h e c t a r e , may be obtained. 
A d d i t i o n a l i r r i g a t i o n s take p l a c e a t t h r e e weekly i n t e r v a l s , 
commencing about four weeks a f t e r the cotton has been p l a n t e d . 
i 
These i r r i g a t i o n s a r e s u b s t a n t i a l l y l i g h t e r than the f i r s t 
i r r i g a t i o n , p r i o r to p l a n t i n g , w i t h the f i e l d s only being flooded 
to a depth of about 20 cms. While t h i s f i g u r e may even be 
e x c e s s i v e over p a r t s of the p l a n t a t i o n s , i t i s not enough ±>r the 
c o r a s e t e x t u r e d d e p o s i t s which r e p r e s e n t former c o u r s e s of the 
Awash or i t s d e f l u e n t s and stunted growth of cotton bushes i s 
o f t e n e v i d e n t i n such l o c a l i t i e s . 
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During the e a r l y y e a r s of the p l a n t a t i o n s , no f e r t i l i s e r s 
were a p p l i e d to the s o i l s , but f a l l o w y e a r s were incorporated 
i 
i n t o the cropping p a t t e r n . The e f f e c t of a f a l l o w year on the 
crop was to more than double i t s y i e l d i n the year a f t e r the 
f a l l o w , compared w i t h the p r e - f a l l o w y e a r . By the second year 
a f t e r the f a l l o w , the y i e l d s had ret u r n e d to only a l i t t l e above 
t h e i r former l e v e l ( T a b l e 5 . 2 ) . The s o i l s a r e n a t u r a l l y 
d e f i c i e n t i n n i t r o g e n ( s e e a n a l y s e s of p r o f i l e s 22-31, Appendix 
1) and one of the e f f e c t s of the f a l l o w p e r i o d would have been 
to cause an i n c r e a s e i n the l e v e l of n i t r o g e n i n the s o i l . 
Not only would t h i s i n c r e a s e be a s s o c i a t e d w i t h decomposition 
of o r g a n i c matter from the previous c o t t o n crop, but a l s o 
atmospheric n i t r o g e n would have been an important source. 
I t was not u n t i l 1970 th a t any n i t r o g e n f e r t i l i s e r was a p p l i e d 
when urea (46%N) was spread over f i e l d s t h a t had recorded 
c o n s i s t e n t low y i e l d s . The r a t e of a p p l i c a t i o n was 1 q u i n t a l / 
h e c t a r e but the crop response was very mixed. In some f i e l d s , 
marked improvements were apparent, bunt i n other c a s e s , a f u r t h e r 
d e p r e s s i o n i n y i e l d r e s u l t e d , thus s u g g e s t i n g t h a t f a c t o r s 
other than s o i l n i t r o g e n a l s o c o n t r i b u t e d to the low y i e l d s . 
I n 1971, a l l f i e l d s had an a p p l i c a t i o n of urea a t a r a t e of 
1 q u i n t a l / h e c t a r e w h i l e the poorest f i e l d s r e c e i v e d an a p p l i c a t i o n 
of double t h i s r a t e . The urea i s a p p l i e d immediately p r i o r to 
the second i r r i g a t i o n , about four weeks a f t e r the crop was pl a n t e d , 
and, i t i s mixed i n wi t h the t o p s o i l by a c u l t i v a t o r . T h i s 
mixing w i t h the t o p s o i l reduces the l o s s of n i t r o g e n , as ammonia, 
throigi v o l a t i s a t i o n , and i t a l s o tends to s l i g h t l y r i d g e the 
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c o t t o n crop. R e s u l t s on the experimental p l o t s suggest 
t h a t r i d g i n g a l s o helps to improve crop y i e l d s (Tendaho 
P l a n t a t i o n Share Company, Research Report, 1970-1971). 
5.3 The S o i l s 
In 1955 SOGREAH pu b l i s h e d t h e i r Survey of the Awash R i v e r 
B a s i n i n which they c l a s s i f i e d the s o i l s of the b a s i n i n 9 
groups. These major groups were subdivided i n t o : 
( i ) sub-groups„ The b a s i s of t h i s d i v i s i o n was the type 
of parent m a t e r i a l i n c l u d i n g the age of the deposit ( r e c e n t or 
o l d ) and whether or not i t was c a l c a r e o u s . 
( i i ) s e r i e s . S o i l s e r i e s were defined according to 
h o r i z o n c h a r a c t e r i s t i c s which included t e x t u r e , s t r u c t u r e , 
s a l i n i t y and a l k a l i n i t y . 
( i i i ) phases. M i c r o r e l i e f , depth of s o i l , frequency of 
f l o o d i n g and s a l i n i t y were used as c r i t e r i a to d i s t i n g u i s h s e r i e s 
which were only mapped on s c a l e s of 1:100,000 or g r e a t e r . 
S i x of the major groups are to be found on the two major 
p l a n t a t i o n s of Dubti and D i t B a n a r i : a i u v i a l s o i l s , v e r t i s o l s , 
hydromorphic s o i l s , o rganic hydromorphic s o i l s , s a l i n e s o i l s 
and r e g o s o l s . 
The Awash V a l l e y A u t h o r i t y a r e c u r r e n t l y p r e p a r i n g a plan 
f o r the i n t e g r a t e d development of the v a l l e y , i n c l u d i n g the 
b u i l d i n g of a major dam a t Tendaho„ Included i n t h i s plan i s 
a r e p o r t on the soil-geomorphic r e l a t i o n s h i p s i n the Lower Awash 
V a l l e y ( Curry, 1972). A map, based mainly on a i r - p h o t o 
i n t e r p r e t a t i o n , s h o w s a number of soil-gecmorphic a s s o c i a t i o n s , 
of which f i v e occur on the two major p l a n t a t i o n s : -
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( i ) Awash R i v e r sediments. These d e p o s i t s , of very 
v a r i e d t e x t u r e , r e f l e c t not only the contemporary d e p o s i t i o n a l 
p a t t e r n of the R i v e r Awash but a l s o the sediments l e f t behind 
by i t s former c o u r s e s and t h e i r major d e f l u e n t s . A t y p i c a l 
l e v e e p a t t e r n has developed with most of these c o u r s e s . 
( i i ) Minor stream sediments and h i l l w a s h . . Deposition 
of these sediments i s very e r r a t i c and when i t does occur, 
i t u s u a l l y takes p l a c e i n fan form. Some le v e e s a r e a l s o 
apparent. 
( i i i ) Swamp and depression sediments. The low a r e a s 
between the h i l l w a s h fans and the l e v e e s of the Awash R i v e r 
system a r e occupied by heavy t e x t u r e d c l a y s which c r a c k when 
dry. The water t a b l e may be w i t h i n a metre of the s u r f a c e , 
though not i n the area of the c o t t o n p l a n t a t i o n s . 
( i v ) Desert (marine) sediments. Curry regards the 
d e s e r t sediments as being o r i g i n a l l y of marine o r i g i n . He 
p o s t u l a t e s t h a t f a u l t i n g caused an arm of the Red Sea to be 
blocked o f f and c i t e s the presence of s h e l l s i n the d e p o s i t s 
as evidence for t h i s . These sediments a r e o f t e n s a l i n e . 
( v ) Newer l a v a s . Small areas of the newer l a v a s occur 
on the northern edge of the Dubti P l a n t a t i o n where there i s 
f u m a r o l i c a c t i v i t y , a s s o c i a t e d w i t h an o l d f a u l t l i n e . A 
number of these fumaroles have been r e a c t i v a t e d by the downward 
p e r c o l a t i o n of i r r i g a t i o n water. 
There i s only very l i m i t e d c o r r e l a t i o n between the 
SOGREAH scheme and t h a t of the Awash v a l l e y A u t h o r i t y , and 
consequently d i f f i c u l t i e s e x i s t when t r y i n g to f i t the s o i l s 
i n t o the.FAO groupings. The d i f f i c u l t i e s a r e accentuated by 
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the i n t e r g r a d e nature of many of the s o i l s , due to the 
d e p o s i t i o n a l nature of t h e i r parent m a t e r i a l and the r e l a t i v e l y 
slow r a t e of pedogenesis. Approximate c o r r e l a t i o n s as o u t l i n e d 
by the p r e s e n t author are shown i n Table 5.3, w h i l e the 
d i s t r i b u t i o n of the s o i l s i s given on f i g u r e 15. T h i s s o i l 
map i s mainly based oh the 67 s o i l p r o f i l e s examined i n the 
f i e l d by the author. Only 14 of these p r o f i l e s were u n c u l t i v a t e d . 
S o i l p r o f i l e 23 i s r e p r e s e n t a t i v e of an u n c u l t i v a t e d f l u v i s o l . 
The p r o f i l e p i t was l o c a t e d i n h e a v i l y grazed r i v e r i n e woodland 
( t h e main bush/tree s p e c i e s were C a l l o t r o p i s p r o c e r a , Euphorbia s p . 
Tamarindus spp.and Salvadora p e r s i c a ) and the s i t e was s u b j e c t 
to annual f l o o d i n g . While h e a v i e r t e x t u r e s p r e v a i l e d i n the 
s u r f a c e horizons of t h i s p r o f i l e , t h i s was by no means common 
to a l l f l u v i s o l s . S t r u c t u r e i s a l s o v a r i a b l e but moderate 
medium angular b l o c k s may occur when t h e r e i s a reasonable 
v e g e t a t i o n cover ( i n the c a s e of p r o f i l e 23 i t amounted to about 
20%) and i n p a r t i c u l a r where the r o o t s of g r a s s e s such as 
Cyperus rotundus a i d s t r u c t u r e formation. D e p o s i t i o n a l l a m i n a t i o n s 
were v i s i b l e throughout the p r o f i l e . Except where they a r e 
formed a d j a c e n t to d e p r e s s i o n s , f l u v i s o l s tend to have low 
c o n d u c t i v i t i e s and a r e hence low i n s o l u b l e s a l t s . Organic 
matter c o n t e n t s are higher i n f l u v i s o l s c l o s e to the R i v e r 
Awash, where th e r e i s t h i c k e r v e g e t a t i o n , and they may reach 
over 3% i n the s u r f a c e h o r i z o n s . I n c o n t r a s t , organic matter 
contents of f l u v i s o l s which a r e not s u b j e c t to annual f l o o d i n g , 
and hence, where v e g e t a t i o n may be v e r y s p a r s e , a r e o f t e n l e s s than 
1% throughout the p r o f i l e . 
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P l a t e 7 
U n c u l t i v a t e d F l u v l s o l , lower Awash v a l l e y , E t h i o p i a ( p r o f i l e 2 3 ) . 
Table 5.3 
C o r r e l a t i o n s between FAO, SOGREAH and Awash V a l l e y 
A u t h o r i t y s o i l c l a s s L f i c a t i o n schemes, Dubti and D i t 
B a h a r i P l a n t a t i o n s , as recognised by the author. 
FAO SOGREAH AWASH VALLEY AUTHORITY 
REGOSOLS Regosols Desert (marine) sediments pp. 
FLUVISOLS A l l u v i a l s o i l s Awash R i v e r sediments ! 
Hydromorphic s o i l s pp. I Swamp and depression sediments| 
PP. ; 
j 
V e r t i s o l s Minor stream sediments and 
h i l l w a s h pp. 
VERTISOLS 
1 
V e r t i s o l s pp. 
Hydromorphic s o i l s pp. 
Organic Hydromorphic 
s o i l s pp. 
Swamp and depression sediments 
PP. 
KALOSOLS S a l i n e s o i l s pp. Desert (marine) sediments pp. 
Newer l a v a s 
XEROSOLS S a l i n e s o i l s pp. Minor stream sediments and 
"nillwash pp. 
Desert.(marine) sediments pp. 
pp. - pro p a r t e 
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The c l a y contents of the v e r t i s o l s a re i n excess of 25%, 
and may be as high as 65%, and a r e dominated by c l a y m i n e r a l s 
of the expanding l a t t i c e type. As a r e s u l t , c a t i o n exchange 
c a p a c i t i e s a r e high ( i n some c a s e s over 100 meq/100 grms s o i l ) , 
w h i l e l a r g e c r a c k s appear i n the s o i l as i t d r i e s out. These 
c r a c k s may extend to more than 1 metre i n depth w h i l e s l i c k e n s i d e s 
a r e frequent a t depth. The u n c u l t i v a t e d v e r t i s o l has a t h i n , 
very dark grey (10YR3/1-3/2) s u r f a c e horizon, which may be up 
to 15 cms i n t h i c k n e s s , c o n t a i n i n g as much as 10% o r g a n i c 
matter. The high organic matter contents a r e a r e f l e c t i o n 
of the f a i r l y t h i c k (up to 80% c o v e r ) tussock g r a s s l a n d , mainly 
composed of A r i s t i d a spp, which i s the n a t u r a l v e g e t a t i o n of these 
s o i l s . C o n d u c t i v i t i e s r a r e l y exceed 2 mmhos/cm a t 25°C throughout 
the top metre of the p r o f i l e , though pHs may be high (over 8.3) 
on account of secondary c a l c i u m carbonate enrichment t h a t 
o c c a s i o n a l l y o c c u r s . The d e s c r i p t i o n and a n a l y t i c a l data for 
a t y p i c a l v e r t i s o l ( p r o f i l e 24) a r e given i n Appendix 1 ) . 
5.4 The e f f e c t of c u l t i v a t i o n p r a c t i c e s on s o i l p r o p e r t i e s 
I n c o n t r a s t to the other c a s e s t u d i e s from the Arabian 
P e n i n s u l a , a c e r t a i n amount of s o i l a n a l y t i c a l data i s a v a i l a b l e 
f o r the Dubti P l a n t a t i o n . S o i l samples were c o l l e c t e d i n 1967 
and a n a l y s e d by Hunting T e c h n i c a l S e r v i c e s , but c a r e must be taken 
when comparing t h i s data w i t h the r e s u l t s obtained by the author 
i n 1971. T h i s i s because methods of a n a l y s i s were s l i g h t l y 
d i f f e r e n t and a l s o because t h e r e i s great t e x t u r a l v a r i a b i l i t y 
i n the s o i l s over even a few metres which makes exact comparisons 
d i f f i c u l t . Furthermore, the samples c o l l e c t e d f o r a n a l y s i s by 
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Hunting T e c h n i c a l S e r v i c e s were composite samples over 30 cms 
wide bands (0-30 cms, 30-60 cms and 60-90 cms depth), and 
i n c l u d e d i n a sample w i l l have been d e p o s i t i o n a l horizons 
of very d i f f e r e n t t e x t u r e s . Such a sampling i n t e r v a l i s 
s u i t a b l e for agronomic i n v e s t i g a t i o n s but c o n s i d e r a b l y f i n e r 
sampling i n t e r v a l s a re r e q u i r e d f o r s t u d i e s r e l a t i n g to pedogenesis. 
The author sampled 52 p r o f i l e s a t four major depths, r e l a t i n g to the 
r o o t i n g depth of c o t t o n : -
5-15 cms. T h i s sample i s r e p r e s e n t a t i v e of the c u l t i v a t e d 
horizon of the s o i l , and a l s o the seedbed. 
25-35 cms. Young cotton p l a n t s root mainly a t t h i s depth. 
T h i s sample i s a l s o r e p r e s e n t a t i v e of the main r o o t i n g depth of 
a l t e r n a t i v e crops such as maize or r i c e . 
45-55 cms. The r o o t s of mature cotton a r e mainly found a t 
t h i s depth. There was l i t t l e f i e l d evidence to show that cotton 
rooted much below t h i s depth, even on the s a n d i e r s o i l s . 
65-75 cms. T h i s sample was i n d i c a t i v e of s o i l c o n d i t i o n s 
below the r o o t i n g depth of c o t t o n . I f t h e r e were marked t e x t u r a l . 
v a r i a t i o n s w i t h i n these sampling depths, a s l i g h t adjustment was 
made, so t h a t t h e r e was t e x t u r a l u n i f o r m i t y w i t h i n a sample. 
.This i s a r a t h e r more r i g i d sampling programme, compared to e i t h e r 
of the two preceding case s t u d i e s , but i t has v a l u e where there 
i s c o n s i s t e n c y i n the cropping techniques p r a c t i s e d , as on the 
cotton p l a n t a t i o n s . Analyses were c a r r i e d out i n the l a b o r a t o r y , 
by the author,on 208 samples. 
5 . 4 ( i ) S o i l p h y s i c a l p r o p e r t i e s 
A f e a t u r e of s e m i - a r i d and a r i d zone s o i l s i s the presence 
of a t h i n s u r f a c e c r u s t . In the lower Awash v a l l e y , on u n c u l t i v a t e d . 
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p r o f i l e s , t h i s c r u s t i s u s u a l l y weakly developed and l e s s than j 
0.1 cms i n t h i c k n e s s , though where annual f l o o d i n g occurred 
i 
i t was s l i g h t l y t h i c k e r (0-1.5 cms). Observations suggested ; 
th a t these t h i c k n e s s e s were i r r e s p e c t i v e of s o i l type. ; 
The c r u s t , dominated by s i l t - s i z e d p a r t i c l e s , with t h e i r long | 
axes having an h o r i z o n t a l o r i e n t a t i o n , s e t i n a matrix of f i n e r j 
. i 
p a r t i c l e s , i s formed by the impact of f a l l i n g r a i n d r o p s , which 
not only causes a compaction of the s u r f a c e but a l s o r e s u l t s 1 
i I 
i n the f i n e p a r t i c l e s t a k i n g up a p r e f e r r e d h o r i z o n t a l o r i e n t a t i o n . j 
I 
Weak development of t h i s c r u s t i s a l s o . a r e f l e c t i o n of the l a c k j 
of or g a n i c c o l l o i d s . With i n c r e a s i n g proximity to the r i v e r , I 
v e g e t a t i o n i s denser, the land i s s u b j e c t to f l o o d i n g and the 
accumulation of s i l t (and consequently the c r u s t ) t h i c k e n s . . 
i 
On the p l a n t a t i o n s t h i s mechanism i s even more pronounced. 
The c r u s t i s not only s t r o n g l y developed, but can a l s o be of • 
c o n s i d e r a b l e t h i c k n e s s (up to 0.75 cms) and f i g u r e 16 suggests ; 
i 
i 
t h a t t h e r e i s a c l o s e c o r r e l a t i o n with the f i n e r f r a c t i o n s of [ 
the s o i l , I r r i g a t i o n from the R i v e r Awash water c o n t a i n s a 
i 
c o n s i d e r a b l e sediment load which i s deposited on the s u r f a c e ! 
! 
of the s o i l , where i t remains undisturbed as the s o i l d r i e s out. 
T h i s sediment i s mainly.composed of s i l t , w i t h some c l a y , and J 
because of i t s r e l a t i v e l y l a r g e s u r f a c e area compared to i t s 
i 
WBight, the s i l t p a r t i c l e s tend to have a p r e f e r r e d h o r i z o n t a l j 
o r i e n t a t i o n i n the water. They a r e thus deposited i n the b e s t 
p o s i t i o n to a i d c r u s t formation and t h i s i s accentuated by 
i 
s u r f a c e flow as the i r r i g a t i o n waters s u b s i d e . There a l s o tends j 
to be a higher q u a n t i t y of organic c o l l o i d s i n the c u l t i v a t e d ! 
s o i l s and t h i s a i d s s t a b i l i t y and cohesion of the c r u s t . 
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Mechanical operations also c o n t r i b u t e t o c r u s t formation, as 
they break down s t r u c t u r a l elements i n t o t h e i r component p a r t i c l e s 
b u t , at Tendaho, they have not caused the c r u s t t o i n t e r f e r e w i t h 
the growth of the c o t t o n crop. 
The surface c r u s t , when d r y , e x h i b i t s a mosaic of f i n e cracks 
but the s o i l s , as they dry out, also crack t o considerable depths. 
This i s due t o the f a c t t h a t the clays are of an expanding l a t t i c e 
type, dominantly m o n t m o r i l l o n i t e , and shrinkage of the l a t t i c e 
due t o the removal of i n t e r - l a y e r moisture causes the cracks t o 
form. Shrinkage cracks are most marked i n s o i l s of heavy t e x t u r e s , 
p a r t i c u l a r l y i f the clay content i s i n excess of about 30%. I n 
the u n c u l t i v a t e d v e r t i s o l ( p r o f i l e 24) the cracks are up t o 10 cms 
i n w idth at the surface while extending t o at l e a s t 100 cms i n 
depth. However i n c u l t i v a t e d p r o f i l e s , i t i s r a r e f o r these 
cracks to extend much below 40 cms f o r j below t h i s depth, the 
s o i l seems t o remain moist throughout the year. Even between 
i r r i g a t i o n s , considerable cracking can occur as, f o r instance, 
in" p r o f i l e 25, where cracks were observed t o a depth~of 15 cms, 
only 14 days a f t e r i r r i g a t i o n . The importance of these cracks 
cannot be overstressed because whereas the c r u s t reduces the 
amount of d i f f u s i o n of s o i l a i r i n t o the atmosphere, thus leading 
t o a b u i l d up of carbon dioxide i n the s o i l from the decomposition 
of organic matter and r e s p i r a t i o n of the p l a n t r o o t s , the cracks 
encourage d i f f u s i o n . Furthermore, w h i l s t c r u s t s serve t o reduce 
i n i t i a l i n f i l t r a t i o n of moisture i n t o the soil, the shrinkage 
cracks a l l o w the r a p i d p e r c o l a t i o n of water t o depth, at l e a s t 
p r i o r to the clays s w e l l i n g and the cracks c l o s i n g . As the 
clays s w e l l , they w i l l cause a break—up of the s o i l c r u s t and 
normal i n f i l t r a t i o n w i l l then occur. 
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With each i r r i g a t i o n a considerable amount of s i l t i s added 
to the s o i l . The f i r s t , heaviest i r r i g a t i o n s are c a r r i e d out between 
mid-May and July and, e s p e c i a l l y during the l a t t e r p a r t of t h i s 
p e r i o d when the River Awash i s r i s i n g , the i r r i g a t i o n waters are 
hea v i l y charged w i t h sediment. I n 21 out of 29 p r o f i l e s examined 
on Dubti P l a n t a t i o n , the s i l t content (USDA l i m i t s , 0.05-0.002 rams) 
was greater i n the surface sample (5-15 cms) than i n the sample 
from 25-35 cms depth. A consequence of t h i s r e l a t i v e l y high 
s i l t content i n the t o p s o i l i s t h a t s t r u c t u r a l aggregates are 
weak and not p a r t i c u l a r l y water s t a b l e . As the aggregates break 
down, the m a t e r i a l of which they are composed, i n a d d i t i o n t o the 
sediment i n the i r r i g a t i o n water, i s washed i n t o the shrinkage 
cracks. The clays cannot expand l a t e r a l l y and instead expand 
upwards and the i r r i g a t e d f i e l d s have what may be termed an 
' i n c i p i e n t g i l g a i m i c r o - r e l i e f , w i t h both high and low spots 
o c c u r r i n g between the rows of c o t t o n . 
5 . 4 ( i i ) S o i l chemical c h a r a c t e r i s t i c s 
I r r i g a t i o n appears t o have had marked e f f e c t s on both s o i l 
pH and c o n d u c t i v i t y values. Changes, since 1967, i n both these 
values f o r samples from the Dubti P l a n t a t i o n are shown i n f i g u r e s 
17 and 18. Both the 1967 samples, c o l l e c t e d by p l a n t a t i o n s t a f f 
f o r Hunting Technical Services, and the 1971 samples, c o l l e c t e d 
by the author, were obtained when the dominant moisture movement 
i n the s o i l was downwards. (As the s o i l d r i e s out a f t e r the 
co t t o n crop has been picked, an upward c a p i l l a r y movement i s i n i t i a t e d . ) 
Data presented i n these two diagrams make no allowance f o r the length 
of time t h a t the s o i l s have been c u l t i v a t e d - i n f a c t some of the 
s o i l s were c u l t i v a t e d f o r the f i r s t time i n 1970/71 w h i l e others had 
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been c u l t i v a t e d p r i o r t o 1967. F i e l d s t h a t had only been c u l t i v a t e d 
f o r short periods of time showed the greatest change, and thus 
the major changes i n these two values may take place during the 
f i r s t season of c u l t i v a t i o n . Two f a c t o r s are probably responsible 
f o r t h i s . F i r s t l y , as w i l l be seen, there i s a marked redu c t i o n 
i n the amount of organic matter present i n the s o i l as a r e s u l t 
of i n i t i a l clearance and c u l t i v a t i o n of the land. Because of 
the high temperatures and the moist nature of the s o i l , decomposition 
of the organic m a t e r i a l w i l l be r a p i d w i t h the production of acids 
which w i l l tend t o lower the s o i l pH values. With a s i n g l e crop, 
the net e f f e c t of several years of cropping and subsequent 
decomposition of organic residues would be t o s t a b i l i s e the pH 
values of the s o i l s . Figure 17 would suggest t h a t t h i s s t a b i l i t y 
value i s about pH 7.5-7.8. Some s o i l s , whose pHs were below 
about 7.5 i n 1967 have i n f a c t increased t h e i r values. These 
s o i l s tend t o have heavier t e x t u r e s , s i l t y clay loams, and p r i o r 
t o c u l t i v a t i o n probably contained more organic matter i n the s o i l 
than a f t e r cropping. The n a t u r a l v e g e t a t i o n o f such s o i l s , 
subject t o annual f l o o d i n g by the Awash, was tussock grassland 
w i t h some t r e e species, i n c l u d i n g Acacia spp, which would have 
provided more organic residues than c o t t o n cropping. Consequently, 
the production of organic acids has been reduced and the pH r i s e n . 
The second f a c t o r t h a t has a f f e c t e d these values, e s p e c i a l l y 
s o i l c o n d u c t i v i t y , has been the f i r s t i r r i g a t i o n . When the l a t t e r i s 
a p p l i e d , the s o i l s are dry and c o n t a i n extensive shrinkage cracks t o 
about 40 cms, as a r e s u l t of the summer f a l l o w p e r i o d . This l a t t e r 
p e r i o d i s also responaible f o r the accumulation, by c a p i l l a r y 
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movement of moisture, of soluble s a l t s i n the t o p s o i l , and the 
f i r s t i r r i g a t i o n washes these s a l t s , along w i t h some of the r e s i d u a l 
inherent s a l t s , i n t o the lower p a r t s of the p r o f i l e . Before the 
clays s w e l l w i t h w e t t i n g , the cracks form good channels f o r the 
t r a n s l o c a t i o n of the s o l u b l e s a l t s i n the i r r i g a t i o n water, No 
more than about 10 cms of the f i r s t i r r i g a t i o n i s r e q u i r e d by 
the crop and the e f f e c t of the surplus i r r i g a t i o n water has been 
to reduce the amount of soluble s a l t s present i n the s o i l . The 
decrease i n c o n d u c t i v i t y i s not nearly so marked i n the t o p s o i l 
samples as i n the samples from 45-55 cms depth. In 1971, the 
samples were c o l l e c t e d during July and August, before the whole 
of the p l a n t a t i o n had received i t s f i r s t i r r i g a t i o n , and as a 
r e s u l t s o l u b l e s a l t s t h a t had accumulated d u r i n g the summer f a l l o w 
had not been completely leached out of the t o p s o i l . 
Reduction i n c o n d u c t i v i t y i s also r e f l e c t e d i n the 
changing p a t t e r n of soluble s a l t s i n the s o i l p r o f i l e . Representative 
data f o r t y p i c a l u n c u l t i v a t e d s o i l s are shown i n Table 5.4 and i n 
a l l three p r o f i l e s carbonates are absent w h i l e amounts of b i -
carbonates are low. The s a l i n i t y i n the s o i l i s caused by an 
accumulation of c h l o r i d e s and sulphates l e f t behind as the ground-
water t a b l e f e l l due t o the progression towards a r i d i t y f o l l o w i n g 
the l a s t p l u v i a l p e r i o d . SOGREAH (1965) comment t h a t the 'deep 
water t a b l e i n the Lower Plains ( a t a depth of 25-30 metres) contains 
f a r more s a l t s ' , than i n the Upper Basin, 'mainly c o n s i s t i n g of 
sulphates and c h l o r i d e s ( c o n d u c t i v i t y up t o 3.27 mmhos/cm)'. When 
Hunting Technical Services c a r r i e d out t h e i r analyses i n 1967, the 
area i n which p r o f i l e s 25 and 26 were located was regarded as being 
s a l i n e w i t h c o n d u c t i v i t i e s i n excess of 4 mmhos/cm at 25°C i n the 
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s o i l samples taken from below 30 cms. Although no s o l u b l e s a l t 
analyses were undertaken then, other s a l i n e p r o f i l e s showed t h a t 
c h l o r i d e s and sulphates were the dominant soluble anions. 
Analyses of p r o f i l e s 25 and 26 now show t h a t w h i l e the c o n d u c t i v i t y 
has been markedly reduced, there has been a s l i g h t increase i n 
carbonates. The p r o f i l e s are now characterised by a v i r t u a l 
absence of c h l o r i d e s and low q u a n t i t i e s of sulphates (Table 5,5). 
An exception i s the sample from 65-75 cms depth of p r o f i l e 25 
where the c o n d u c t i v i t y remains i n excess of 4 mmhos/cm a t 25°C 
and 42 m e q / l i t r e of sulphates are present. With i n c r e a s i n g 
c o n d u c t i v i t y , the r a t i o s of c h l o r i d e t o sulphate anions i n halosols 
increases, as can be seen i n Table 5.4, and the f i r s t e f f e c t 
of i r r i g a t i o n has been t o wash out the c h l o r i d e anions. This 
i s supported by data from other f i e l d s where c u l t i v a t i o n has 
only been t a k i n g place f o r a few years e.g. p r o f i l e p i t s 22 and 
27 where the amount of c h l o r i d e s i s low or even absent i n the 
t o p s o i l samples. Only a f t e r there has been an appreciable 
r e d u c t i o n i n the c h l o r i d e anions are the sulphate anions removed 
and i t i s evident t h a t the c o n d u c t i v i t y of c u l t i v a t e d s o i l s i s 
a r e f l e c t i o n of the amount of sulphates present. 
The main drainage canal of Dubti P l a n t a t i o n i s shown on f i g u r e 
13, but i t does not ex a c t l y f o l l o w the topographic depression. 
A former course of the River Awash, or a major d e f l u e n t , can be 
traced i n some of the f i e l d s immediately t o the south of i t . 
The f i e l d s adjacent t o the main drainage canal are mainly of heavy 
t e x t u r e ( c l a y loam or s i l t y c l a y loam) and, since the o l d r i v e r 
course probably s t i l l forms the n a t u r a l drainage channel f o r 
subsurface moisture, the s o i l s remain moist even through the summer 
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f a l l o w due t o t h e i r poor i n t e r n a l drainage. Much of the drainage 
water from f i e l d s along the northern edge of the p l a n t a t i o n 
contains a greater q u a n t i t y of soluble s a l t s and exchangeable 
sodium than from other areas due t o fumarolic a c t i v i t y . The 
fumaroles and mud volcanoes are, themselves, p a r t i a l l y the r e s u l t 
of c u l t i v a t i o n , since i r r i g a t i o n water, p e r c o l a t i n g t o deeper 
l e v e l s of the a l l u v i a l deposits, has r e a c t i v a t e d some fumaroles, 
w h i l e others are known to have become r e a c t i v a t e d through mechanical 
operations. One dormant mud volcano, f o r example, became 
r e a c t i v a t e d through a t r a c t o r g e t t i n g stuck i n i t , and di g g i n g 
a large hole, before being winched out (New Zealand Geothermal 
Survey, P r i v a t e Communication). The fumaroles have temperatures 
o 
of 30-110 C and some evaporixe d e p o s i t i o n i s associated w i t h , 
a t l e a s t , the e a r l i e r stages of t h e i r genesis. Drainage water 
from the f i e l d s c o n t a i n i n g t h i s fumarolic a c t i v i t y has caused 
a p o t e n t i a l l y dangerous s i t u a t i o n t o develop i n the heavy 
t e x t u r e d f i e l d s along the main drainage canal. Because they 
remain moist throughout the year, .there has been, some p r e f e r e n t i a l -
absorption of sodium on the exchange complex. This i s r e f l e c t e d 
i n p r o f i l e s 28 and 29 i n which the ESP values amount t o 12-17% 
compared w i t h f i g u r e s of 6-8% f o r unaffected s o i l s . Furthermore, 
the sodium adsorption r a t i o s (SAR, which i s an expression of the 
r e l a t i v e a c t i v i t y o f the sodium cations i n exchange r e a c t i o n s ) , 
are i n excess of 15 compared w i t h values of less than 10 f o r s o i l s 
not a f f e c t e d by these drainage waters. This would suggest t h a t the 
amount of exchangeable sodium i n the s o i l i s l i k e l y t o increase and 
the s o i l may w e l l become a l k a l i n e over a peri o d of time. This i s 
the c l a s s i c s i t u a t i o n of s a l i n i t y and a l k a l i n i t y prohlems developing 
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Fig.19 
Changes i n s o i l organic matter content r e l a t e d t o 
number of years of cropping, Dubti and D i t Bahari P l a n t a t i o n s 
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as a r e s u l t of poor drainage c o n d i t i o n s , a l b e i t on a minor scale 
here, and which have a f f e c t e d so many of the i r r i g a t e d areas of 
the Middle East, notably i n Egypt and I r a q . 
5 . 4 ( i i i ) S o i l organic matter 
As i n the other examples of c u l t i v a t e d s o i l s i n a r i d 
r e gions, an important e f f e c t of c u l t i v a t i o n has been t o a l t e r 
the organic matter content of the s o i l . I n the lower Awash 
v a l l e y , there i s no simple r e l a t i o n s h i p between c u l t i v a t i o n and 
the amount o f organic matter present i n the s o i l - some v i r g i n 
s o i l s , p a r t i c u l a r l y those of heavy t e x t u r e under tussock grassland, 
have organic matter contents i n excess of 15%, while others, i n 
areas almost devoid of vegetation have contents of less than 1.5%. 
Kononova (1961) quoting the work of Gel'tser and Lasukova i n the 
1930s, s t a t e s t h a t a v i r g i n serozem s o i l ' a f t e r ploughing f o r 
c o t t o n f o r a p e r i o d of 3-7 years, loses about one-half of i t s 
t o t a l reserve of organic carbon'. Gel'tser's f i g u r e s are given 
i n Table 5.6 and i t would appear t h a t there i s a progressive d e c l i n e 
i n the amount of organic matter i n the s o i l u n t i l a t l e a s t the 
seventh year of c u l t i v a t i o n . 
The c u r r e n t work of the author would suggest t h a t Kononova's 
conclusions do not always hold as i s shown i n f i g u r e 19. The 
f i r s t e f f e c t of c u l t i v a t i o n on v i r g i n s o i l s i s t o cause a decrease 
i n organic matter content but a f t e r about two years of cropping 
the l e v e l s of organic matter i n the s o i l s t a r x t o r i s e . Disturbance 
of the t o p s o i l of u n c u l t i v a t e d soil s , , i n p a r t i c u l a r , the c r u s t , 
allows the r a p i d o x i d a t i o n of the organic matter. Even p r i o r t o 
any i r r i g a t i o n water, t h i s decomposition i s aided by an increased 
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Table 5.6 
Percentage contents of organic carbon and n i t r o g e n i n v i r g i n 
serozem s o i l s and i n serozems growing c o t t o n i n 0-20 cm la y e r . 
(Figures from Kononova, 1961, based on the work of Gel't ser and 
Lasukova 1934). 
! i Organic C % Nitrogen % 
V i r g i n land I (Serozem) 0.78 0.097 
Cotton - 1st.year a f t e r 
ploughing 0.60 
i 
0.086 
- 2nd. 0.48 0.076 
- 3rd. 0.37 0.059 
V i r g i n land I I (Serozem) 1.16 0.106 
Cotton - 3rd. year a f t e r 
ploughing 0.77 0.111 
- 7t.h. 0.56 0.095 
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amount of dew w i t h i n the top few centimetres of the s o i l . Because 
the u n c u l t i v a t e d f i e l d s are surrounded by i r r i g a t e d areas, the 
humid gradient of dew d e p o s i t i o n w i l l predominate f o r the greater 
p a r t of the year. Duvdevani (1953) found t h a t , during the a r i d 
summer months, the amount of dew deposited on gauges increased from 
ground l e v e l upwards. The humid gradient i s the reverse s i t u a t i o n , 
o c c u r r i n g during the w i n t e r months, but i t i s also present i n i r r i g a t e d 
areas d u r i n g the summer months, and a t Tendaho w i l l be aided by the 
hygroscopic nature of the s a l t s accumulating on or near the s o i l 
s urface. The presence of t h i s moisture w i l l s t i m u l a t e the m i c r o b i a l 
decomposition of organic residues. Following the f i r s t i r r i g a t i o n , 
the l a t t e r i s accentuated f o r a very favourable environment f o r s o i l 
micro-organisms i s now present - adequate moisture, an a l k a l i n e s o i l 
r e a c t i o n and high temperatures throughout most of the year. 
The amount of organic matter i n the t o p s o i l continues t o 
de c l i n e during the f i r s t year or two of c u l t i v a t i o n as the organic 
residues from the n a t u r a l v e g e t a t i o n continue t o decompose. A f t e r 
each crop of c o t t o n , the standing p l a n t s are slashed close t o the 
ground and t h i s i s followed by disc ploughing t o a depth of 
20-24 cms. Not a l l the a e r i a l p o r t i o n s of the o l d c o t t o n crop are 
allowed t o decompose,as c a t t l e , belonging t o Danakil tribesmen, 
invade the p l a n t a t i o n s during January-March and consume a considerable 
p r o p o r t i o n of the c o t t o n t r a s h . I t would thus appear t h a t i t takes 
a number of years f o r the organic residues from c o t t o n t o a f f e c t 
the l e v e l of organic matter i n the s o i l , and the e q u i l i b r i u m l e v e l 
may not be est a b l i s h e d u n t i l a f t e r several seasons of cropping. 
Figure 19 would suggest t h a t t h i s e q u i l i b r i u m l e v e l may be 
approached a f t e r s i x or seven years of cropping. 
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A f u r t h e r e f f e c t of the increased organic matter content, 
i n a s s o c i a t i o n w i t h mechanical operations, has been to modify the 
s t r u c t u r a l c h a r a c t e r i s t i c s of the heavy te x t u r e d s o i l s . P r o f i l e s 
25, 26 and 27 were located i n such areas i n f i e l d s which had been 
c u l t i v a t e d f o r at l e a s t 7,6 and only 1 year r e s p e c t i v e l y . While 
l a r g e and medium angular blocks predominate i n the t o p s o i l of 
a l l three p r o f i l e s , the former two p r o f i l e s c o n t a i n an appreciable 
q u a n t i t y of small granules i n the seedbed w h i l e the angular blocks 
are also not so harsh as i n p r o f i l e 27. This i s due t o the 
increased organic matter i n the s t r u c t u r a l aggregates a l l o w i n g 
the g r e a t e r , and stronger, r e t e n t i o n of moisture. 
5 . 4 ( i v ) S o i l N u t r i e n t Status 
I n c o n t r a s t t o c u l t i v a t e d s o i l s of more humid areas, 
the l e v e l of organic n i t r o g e n present i n the s o i l i s low, 
r a r e l y exceeding 0.1%, r e f l e c t i n g the generally low l e v e l s of 
organic matter i n the- s o i l . The t o t a l n i t r o g e n f i g u r e does 
not, however, r e f l e c t the amount of a v a i l a b l e n i t r o g e n present 
a t a given time but i t does give an i n d i c a t i o n of reserve s u p p l i e s . 
Under n a t u r a l c o n d i t i o n s , the carbon:nitrogen (C:N) r a t i o s are 
about 10-11 i n the t o p s o i l decreasing t o about 6-8 i n the s u b s o i l 
e s p e c i a l l y where the veget a t i o n i s of a grassland type. The C:N 
r a t i o s give an i n d i c a t i o n of the speed at which n i t r o g e n becomes 
a v a i l a b l e from the organic matter present i n the s o i l - the lower 
the r a t i o the quicker the n i t r o g e n w i l l be mace a v a i l a b l e . In 
c o n t r a s t t o the u n c u l t i v a t e d s o i l s , those of the p l a n t a t i o n s tend 
to have C:N r a t i o s of about 17-21 i n the t o p s o i l where c o t t o n t r a s h 
has been ploughed i n . However, i f the previous crop had been 
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maize, t h e C:N r a t i o i s l i k e l y t o be w i d e r - f o r example i n 
p r o f i l e 30, t h e C:N r a t i o o f t h e t o p s o i l was 24.0. I t has been 
f o u n d a t t h e M e l k a r Werer Research S t a t i o n (Annual R e p o r t , 1968-
1969) t h a t maize r e s i d u e s c o n t a i n a l a r g e amount o f c a r b o h y d r a t e s 
w h i c h t i e up t h e n i t r o g e n r e s e r v e s i n t h e s o i l . The i m p l i c a t i o n s 
o f t h e s e r e l a t i v e l y w i d e C:N r a t i o s i n t h e t o p s o i l i s t h a t t h e r e 
w i l l be a s l o w e r r e l e a s e o f n i t r o g e n t o t h e s o i l f r o m t h e 
d e c o m p o s i t i o n o f c r o p r e s i d u e s t h a n f r o m n a t u r a l v e g e t a t i o n 
r e s i d u e s , and i t w i l l be l e s s i n t h e case o f maize r e s i d u e s 
t h a n c o t t o n t r a s h . 
Because o f t h e g e n e r a l l y low l e v e l s o f n i t r o g e n p r e s e n t 
i n t h e s o i l s , u r e a , c o n t a i n i n g 46%N, has/ been a p p l i e d t o a l l f i e l d s 
i n 1971 f o r t h e f i r s t t i m e . I t was a p p l i e d a t a g e n e r a l r a t e o f 
1 q u i n t a l / h e c t a r e b u t f i e l d s w h i c h had a r e c o r d o f low y i e l d s 
r e c e i v e d 2 q u i n t a l s / h e c t a r e . Urea r a p i d l y r e l e a s e s n i t r o g e n 
i n w a t e r - s o l u b l e o r g a n i c f o r m . The w a t e r - s o l u b l e f o r m changes 
t o ammoniacal n i t r o g e n w i t h i n a few days o f a p p l i c a t i o n t h r o u g h 
m i c r o b i o l o g i c a l a c t i v i t y . An advantage o f ammoniacal n i t r o g e n 
i s t h a t i t takes p a r t i n c a t i o n exchange and can c o n s e q u e n t l y 
be h e l d on t h e c l a y m i c e l l e , t hus r e t a r d i n g i t s f r e e movement 
t h r o u g h t h e s o i l . The r a p i d response o f c o t t o n t o t h e a p p l i c a t i o n 
o f urea was n o t e d a t p r o f i l e 31 where, a t t h e t i m e o f s a m p l i n g , 
t h e c o t t o n was v e r y y e l l o w i n c o l o u r . As can be seen f r o m t h e 
a n a l y s i s , t h e amount o f n i t r o g e n was v e r y low ( 0 . 0 4 % ) and, w i t h i n 
f o u r days o f t h e a p p l i c a t i o n o f u r e a , greenness was r e s t o r e d 
t o t h e c r o p . 
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P l a t s 8 
C u l t i v a t e d F l u v l s o l p r e v i o u s l y under r i c e and a a l z e c u l t i v a t i o n , 
Dubti p l a n t a t i o n , lower Awash v a l l e y , E t h i o p i a . Note t h e d e t e r i o r a t i o n 
i n s t r u c t u r e i n t h e surfece h o r i z o n caused by r i c e c u l t i v a t i o n . 
I t must n o t be t h o u g h t t h a t t h e ammoniacal n i t r o g e n i s h e l d 
i n d e f i n i t e l y on t h e c l a y m i c e l l e s , w i t h any n o t u t i l i s e d by t h e 
c r o p e n hancing t h e n i t r o g e n s t a t u s o f t h e s o i l . I t i s c o n s i d e r e d 
( V o l k , 1971) t h a t b a c t e r i a l a c t i o n c o n v e r t s t h e ammoniacal n i t r o g e n 
t o n i t r a t e n i t r o g e n w i t h i n about f o u r weeks b u t t h e speed o f t h i s 
c o n v e r s i o n i s slowed down when t h e s o i l s a r e s a t u r a t e d w i t h 
m o i s t u r e . N i t r a t e n i t r o g e n i s a v a i l a b l e t o p l a n t s , b u t i t i s 
s o l u b l e and c o n s e q u e n t l y t h e a p p l i e d n i t r o g e n f e r t i l i s e r w i l l 
g r a d u a l l y g e t washed o u t o f t h e s o i l . 
L e v e l s i n t h e s o i l s o f t h e o t h e r two major n u t r i e n t s , 
p o t a s s i u m and phosphate a r e adequate f o r crop p r o d u c t i o n . I n 
t h e p a s t , s e v e r a l a n a l y s e s have been c a r r i e d o u t on t h e p o t a s h 
and phosphate s t a t u s o f s o i l s on t h e D u b t i P l a n t a t i o n b u t a d i r e c t 
c omparison w i t h t h e a u t h o r ' s d a t a i s n o t f e a s i b l e as t h e methods 
o f d e t e r m i n a t i o n a r e n o t known. There i s a g e n e r a l tendency f o r 
t h e amount o f a v a i l a b l e phosphate t o i n c r e a s e w i t h d e p t h d e s p i t e 
a d e c l i n e i n t h e amount o f t o t a l phosphate p r e s e n t . A r e v e r s e 
t r e n d i s a p p a r e n t w i t h a v a i l a b l e p o t a s h . W h i l e i t m i g h t be 
e x p e c t e d t h a t amounts o f a v a i l a b l e phosphate would be low, 
due t o t h e f r e e c a l c i u m c a r b o n a t e p r e s e n t i n t h e s o i l and a l s o t o 
i t s use by t h e c o t t o n c r o p , t h i s does n o t appear t o be t h e case. 
The a v a i l a b i l i t y o f p h o s p h a t i c n u t r i e n t s may be a t t r i b u t e d t o 
t h e i r r e l e a s e due t o t h e d e c o m p o s i t i o n o f t h e c o t t o n r e s i d u e s . 
Not o n l y w i l l t h i s r e l e a s e o r g a n i c phosphate compounds w h i c h can be 
r e a d i l y a s s i m i l a t e d by p l a n t s , b u t a l s o t h e p r o d u c t i o n o f hurnic a c i d 
w i l l cause t h e breakdown o f some i n s o l u b l e c a l c i u m phosphates i n t o 
a v a i l a b l e f o r m s . 
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CHAPTER 6 
A l Hasa O a s i s , Saudi A r a b i a , : Sancl S t a b i l i s a t i o n Scheme 
6.1 The o r i g i n s o f t h e Sand S t a b i l i s a t i o n Scheme 
The o a s i s o f A l Hasa i s l o c a t e d i n t h e E a s t e r n P r o v i n c e 
o f Saudi A r a b i a , about 150 kms south-v/est o f Dammam, a t an 
a l t i t u d e o f about 140-160 metres above sea l e v e l . I t has always 
been an i m p o r t a n t a g r i c u l t u r a l c e n t r e and c u r r e n t l y t h e r e a r e 
about 225,000 p e o p l e l i v i n g i n t h e two major s e t t l e m e n t s o f 
H o f u f and Mubarraz, as w e l l as i n about 50 s m a l l v i l l a g e s 
s c a t t e r e d t h r o u g h o u t t h e o a s i s a r e a . The o a s i s i s L-shaped 
w i t h Mubarraz and H o f u f b e i n g l o c a t e d a t t h e j u n c t i o n o f t h e 
two arms ( f i g . 2 0 ) . The c u l t i v a t e d area can be d i v i d e d i n t o 
a n o r t h e r n p a r t and an e a s t e r n p a r t and now amounts t o about 
8,000 hectares., though i n f o r m e r t i m e s i t was much more e x t e n s i v e 
A l a r g e new i r r i g a t i o n and d r a i n a g e scheme has j u s t been 
c o m p l e t e d and, when t h i s i s f u l l y o p e r a t i o n a l , a f u r t h e r 
12,000 h e c t a r e s w i l l be added t o t h e c u l t i v a t e d a r e a . 
A l Hasa, a c c o r d i n g t o Hava's d i c t i o n a r y means 'swampy 
ground c o v e r e d w i t h sand 1 ( V i d a l , 1955) and i t has p r o b a b l y 
been s e t t l e d s i n c e a t l e a s t N e o l i t h i c t i m e s . Spear p o i n t s and 
p o t t e r y o f t h i s age have been f o u n d w h i l e t h e r e a r e a number o f 
t u m u l i i n t h e o a s i s a r e a . A l Hasa e v e n t u a l l y became t h e l a r g e s t 
s i n g l e o a s i s i n t h e A r a b i a n P e n i n s u l a w i t h w a t e r b e i n g s u p p l i e d 
by a r t e s i a n f l o w . The o r i g i n a l s o u r c e s were a number o f s p r i n g s 
t h e f o u r most i m p o r t a n t b e i n g Unun Sab'ah, a l H a r r a r , a l Haql 
and a l Khudud. The l a t t e r i s t h e l a r g e s t o f t h e s p r i n g s and, 
t o g e t h e r w i t h a l H a r r a r and a l H a q l , was m a i n l y r e s p o n s i b l e f o r 
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t h e i r r i g a t i o n o f t h e e a s t e r n p o r t i o n o f t h e o a s i s . I t s w a t e r 
i s d e r i v e d f r o m t h e 'Neogene' a q u i f e r w h i c h i s found a t about 
150 metres below ground s u r f a c e though t h e r e may be some seepage 
i n t o t h i s a q u i f e r from t h e deeper 'Khobar' a q u i f e r , a t about 
250 metres ( W a k u t i , 1970). The w a t e r i s warm ( a b o u t 35-37°C) 
o 
and has a c o n d u c t i v i t y o f about 3.3 mmhos/cm a t 25 C. 
The o a s i s became n o t e d f o r i t s c u l t i v a t i o n o f d a t e s , though 
a l f a l f a and r i c e were i m p o r t a n t s u b s i d i a r y c r o p s . Over-
i r r i g a t i o n was commonly p r a c t i s e d and, w h i l e d r a i n a g e was n a t u r a l l y 
e a s t w a r d s , t h e s a l i n i t y o f t h e i r r i g a t i o n w a t e r a l s o i n c r e a s e d 
t o over 6 mmhos/cm a t 25°C i n t h e extreme e a s t e r n p a r t o f t h e 
o a s i s . The c o m b i n a t i o n o f o v e r - i r r i g a t i o n , an impermeable 
h o r i z o n o f Neogene l i m e s t o n e a t s h a l l o w d e p t h and t h e h i g h 
s a l i n i t y o f t h e i r r i g a t i o n w a t e r have meant x h a t l a r g e areas 
have e i t h e r gone o u t o f c u l t i v a t i o n o r , as i n t h e extreme e a s t 
o f t h e e a s t e r n p o r t i o n o f t h e o a s i s , o n l y d a t e c u l t i v a t i o n o f 
v e r y poor q u a l i t y c o u l d be p r a c t i s e d , ( V i d a l , 1955). F u r t h e r m o r e 
t h e B i r k a t - a l - A s f a r formed a n a t u r a l d r a i n a g e l i n e and w i t h t h e 
v a s t amount o f w a t e r b e i n g a p p l i e d , n o t o n l y d i d t h e w a t e r t a b l e 
r i s e , b u t i t a l s o became v e r y s a l i n e . S i m i l a r problems were 
m a n i f e s t a l o n g t h e e a s t e r n edge o f t h e n o r t h e r n p o r t i o n o f t h e 
o a s i s , and h e r e , as i n t h e e a s t , much o f t h e w a t e r l o g g e d l a n d 
has now been d r a i n e d and r e c l a i m e d . D u r i n g d r a i n a g e and 
r e c l a m a t i o n , t h e w a t e r s f r o m t h i s p o r t i o n o f t h e o a s i s had 
c o n d u c t i v i t i e s i n excess o f 20 mmhos/cm a t 25°C, and Wakuti (1970) 
c o n s i d e r s t h a t t h e w a t e r i n t h e main d r a i n a g e c a n a l o f t h e 
r e c l a i m e d p o r t i o n o f t h e n o r t h e r n p a r t o f t h e o a s i s w i l l p r o b a b l y 
r e m a i n i n excess o f 8 mmhos/cm a t 25°C when c u l t i v a t i o n t a k e s p l a c e 
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These h i g h s a l t f i g u r e s a r e t h e r e s u l t o f poor i r r i g a t i o n 
p r a c t i c e s i n t h e p a s t w h i c h a l l o w e d s a l t s , i n t r o d u c e d i n t h e 
i r r i g a t i o n water, t o cause a b u i l d up i n s o i l s a l i n i t y t o such 
an e x t e n t t h a t c u l t i v a b l e l a n d went c o m p l e t e l y o u t o f a g r i c u l t u r a l 
use and became marshy areas f o r m i n g b r e e d i n g grounds f o r 
m a l a r i a l m o s q u i t o e s . 
A second f a c t o r t h a t has a f f e c t e d t h e l i v e l i h o o d o f t h e 
i n h a b i t a n t s o f t h e o a s i s has been t h e problem o f a e o l i a n blown 
sand. A l Hasa i s s i t u a t e d on t h e w e s t e r n edge o f t h e J a f u r a 
sand sea and, w h i l e t h e r o c k y r i d g e o f J e b e i B u r a i q a , r i s i n g t o 
o v e r 220 m e t r e s , f u r n i s h e s some p r o t e c t i o n t o t h e northern p o r t i o n 
o f t h e o a s i s , t h e e a s t e r n p o r t i o n j u t s o u t i n t o t h e sand sea. 
N o r t h e r l y winds p r e d o m i n a t e f o r much o f t h e y e a r and t h e s e 
have caused sand dunes t o encroach on, and overwhelm, p a r t s 
o f t h e e a s t e r n p o r t i o n o f t h e o a s i s . These dunes r i s e t o 
a h e i g h t o f a t l e a s t 25 metres above t h e s a l i n e f l a t s and 
t h e i r movement causes t h e d i r e c t l o s s o f a t l e a s t 2 h e c t a r e s 
o f c u l t i v a t e d l a n d each y e a r . I n a d d i t i o n , t h e wind-blown 
sand b l o c k s i r r i g a t i o n and d r a i n a g e c a n a l s , c a u s i n g w a t e r 
s h o r t a g e s and enhancing t h e s a l i n i t y problems o f t h e o a s i s , 
as w e l l as damaging c r o p s when h i g h winds blow. T h i s l o s s o f 
good a g r i c u l t u r a l l a n d has been g o i n g on f o r s e v e r a l hundred 
y e a r s and V i d a l (1955) comments t h a t 'perhaps even d u r i n g t h e 
M i d d l e Ages, t h e c u l t i v a t i o n area reached much f u r t h e r t o t h e 
n o r t h a l o n g t h e e a s t e r n b o r d e r o f a l - B u r a i q i and a t l e a s t as f a r 
as t h e l o c a l i t y c a l l e d Juwatha.' -
The problems o f t h e s a l i n e and w a t e r l o g g e d p a r t s o f t h e o a s i s 
have been t a c k l e d t h r o u g h a l a r g e i r r i g a t i o n and d r a i n a g e scheme. 
-148-
W h i l e n o t u t i l i s i n g any new sources o f i r r i g a t i o n w a t e r , 
more e f f i c i e n t u t i l i s a t i o n w i l l e v e n t u a l l y a l l o w t h e area o f 
t h e o a s i s t o i n c r e a s e by a f u r t h e r 12,000 h e c t a r e s o f c u l t i v a t e d 
l a n d . However, t h e s e improvements w i l l be wasted u n l e s s t h e 
pro b l e m o f a e o l i a n sand i s overcome, and t o t h i s end, t h e Sand 
S t a b i l i s a t i o n Scheme was i n i t i a t e d by t h e M i n i s t r y o f A g r i c u l t u r e 
and Water i n 1962. 
6.2 Techniques o f sand s t a b i l i s a t i o n 
I n t h e e a r l y y e a r s o f t h e p r o j e c t , a number o f n u r s e r i e s were 
e s t a b l i s h e d i n w h i c h t r i a l s were c a r r i e d o u t i n o r d e r t o 
d e t e r m i n e t h e s u i t a b i l i t y o f t h e d i f f e r e n t t r e e s p e c i e s t o 
t h e p r e v a i l i n g e n v i r o n m e n t a l c o n d i t i o n s and a l s o t o p r o v i d e 
young s t o c k . Trees p l a n t e d i n t h e i n i t i a l s t a g e s o f t h e 
p r o j e c t i n c l u d e d : 
Tamarix a p h y l l a 
Tamarix g a l i c a 
A c a c i a c y a n o p h y l l a 
P a r k i n s o n i a a c u l e a t a 
P r o s o p i s j u l i f l o r a 
E u c a l y p t u s c a m a l d u l e n s i s 
A l l t h e s e s p e c i e s a r e t o l e r a n t t o b o t h d r o u g h t c o n d i t i o n s and t o 
t h e use o f s a l i n e w a t e r , w h i l e they can a l s o w i t h s t a n d t h e h i g h winds 
and wide t e m p e r a t u r e extremes t h a t o c c u r . Over t h e p e r i o d January 
1966-December 1969, t h e maximum t e m p e r a t u r e r e c o r d e d a t H o f u f was 
47.8°C, t h e minimum t e m p e r a t u r e -1.1°C w h i l e t h e a n n u a l r a i n f a l l 
t o t a l s f o r t h e f o u r y e a r s were 30.4 mms, 59.2 mms, 59.4 mms and 
121.7 mms r e s p e c t i v e l y . A l l t h e s p e c i e s a l s o grow q u i c k l y , b u t i t 
has been found t h a t t h e most e f f e c t i v e was Tamarix a p h y l l a . T h i s 
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s p e c i e s does n o t r e q u i r e any i r r i g a t i o n a f t e r about 3-4 y e a r s due 
t o a v e r y e x t e n s i v e and deep r o o t i n g system a l l o w i n g i t t o t a p 
t h e w a t e r t a b l e w i t h i n t h e dune. A l s o , i t can be p r o p a g a t e d 
s u c c e s s f u l l y by t a k i n g c u t t i n g s f r o m g r o w i n g t r e e s , t h u s o b v i a t i n g 
t h e n e c e s s i t y f o r h a v i n g e x t e n s i v e n u r s e r y a r e a s . 
The f i r s t s t a g e s o f t h e s t a b i l i s a t i o n p r o c e s s i s t h e 
c o n s t r u c t i o n o f brushwood fe n c e s a l o n g t h e l e n g t h o f t h e scheme. 
These brushwood f e n c e s , now e s t a b l i s h e d over a l e n g t h o f 25 kms, 
a r e m a n u f a c t u r e d l o c a l l y , and t h e y g i v e some p r o t e c t i o n a g a i n s t 
t h e s u r f a c e movement o f sand g r a i n s . A l t h o u g h t h e sand r a p i d l y 
p i l e s upon t h e windward s i d e o f t h e f e n c e s , t h e y do p r o v i d e t h e 
i n i t i a l p r o t e c t i o n necessary f o r t h e e s t a b l i s h m e n t o f t h e woodland. 
Damage t o t h e f e n c e s i s f r e q u e n t d u r i n g p e r i o d s o f h i g h winds 
and, u n l e s s q u i c k l y r e p a i r e d , newly p l a n t e d woodland can be 
e x t e n s i v e l y damaged. 
The sand dunes b e h i n d t h e brushwood fences a r e l e v e l l e d 
by b u l l d o z e r . T o p s o i l from t h e s a l i n e f l a t s i s t h e n spread e v e n l y 
over t h e l e v e l l e d dunes and t h i s g i v e s i n i t i a l s t a b i l i t y t o t h e 
dunes. When a p p l i e d , t h e s o i l i s m o i s t and s a l i n e ( i t may have 
a c o n d u c t i v i t y i n excess o f 20 mmhos/cin. a t 25°C) and, even i f 
T a m arix a p h y l l a i s n o t p l a n t e d i m m e d i a t e l y , t h e f o r m a t i o n o f a 
t h i n c r u s t as i t d r i e s o u t p r e v e n t s w i n d e r o s i o n . I t i s u s u a l , 
t h o u g h , f o r t h e t r e e s t o be p l a n t e d v e r y soon a f t e r , and an 
i r r i g a t i o n i s a p p l i e d on p l a n t i n g . Water i s a p p l i e d a l l t h e y e a r 
r o u n d a t a r a t e o f about 10 cms every 7 days i n summer and every 
15 days i n w i n t e r , f o r t h e e s t i m a t e d average a n n u a l t o t a l p o t e n t i a l 
e v a p o t r a n s p i r a t i o n amounts t o 2450 irjns ( W a k u t i , 1970). 500 h e c t a r e s 
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o f woodland have now been p l a n t e d and, t o p r o v i d e i r r i g a t i o n 
w a t e r , 57 a r t e s i a n w e l l s and 25 s u r f a c e w e l l s have been dug. 
Main i r r i g a t i o n c h a n n e l s , and a l s o t h e s u b s i d i a r y c h annels , 
a r e cement l i n e d t o reduce t r a n s m i s s i o n l o s s e s t h r o u g h t h e 
very porous s o i l s . 
The t r e e s a r e p l a n t e d about 4 metres a p a r t and they f o r m 
a b e l t o f woodland about J km i n w i d t h between t h e a e o l i a n 
sands and t h e a g r i c u l t u r a l area o f t h e o a s i s . W h i l e t h e t r e e 
r o o t s and l e a f l i t t e r s t a b i l i s e t h e moving dunes, t h e a e r i a l 
p o r t i o n s o f t h e q u i c k g r o w i n g "irees t r a p f i n e p a r t i c l e s , b e i n g 
blown i n t h e a i r , b e f o r e t h e y r e a c h t h e cropped l a n d s , t h u s 
r e d u c i n g t h e h a z a r d o f sand b l o c k i n g i r r i g a t i o n c a n a l s and d r a i n s . 
However, a p a r t f r o m i t s p r i m e purpose o f s t a b i l i s i n g t h e moving 
dunes, t h e scheme a l s o has a number o f secondary b e n e f i t s . 
These i n c l u d e : -
( i ) t h e p r o v i s i o n o f a s m a l l t i m b e r i n d u s t r y 
( i i ) r e c r e a t i o n a l f a c i l i t i e s f o r t h e i n h a b i t a n t s o f t h e 
o a s i s . I n t h i s c o n t e x t , o r n a m e n t a l shrubs have been 
p l a n t e d a l o n g some o f t h e roads w i t h i n t h e p r o j e c t area 
( i i i ) an improvement o f t h e m i c r o - c l i m a t e , i n p a r t i c u l a r a 
r e d u c t i o n i n w i n d speed 
( i v ) a r e d a c t i o n i n t h e number o f i n s e c t - b o r n e d i s e a s e s due 
t o a r e d u c t i o n i n t h e s a l i n e swamp a r e a s . 
6.3 The f o r m a t i o n o f a s o i l 
8 s o i l p r o f i l e s were examined i n t h e f i e l d by t h e a u t h o r -
t h e s e p r o f i l e s b e i n g l o c a t e d i n woodland t h a t had been e s t a b l i s h e d 
f o r v a r y i n g l e n g t h s o f t i m e . 20 m i n e r a l samples were o b t a i n e d f r o m 
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P l a t e 10 
S o i l p r o f i l e under Tamarlx a p h y l l a woodland e s t a b l i s h e d for f i v e y e a r s 
A l Hasa o a s i s , Saudi A r a b i a . Note root development i n p r o f i l e , t h e 
s l i g h t downward d i f f u s i o n of the grey t o p s o i l and the formation of a 
l i t t e r h o r i z o n . 
t h e s e p r o f i l e s as w e l l as f r o m t h e u n s t a b i l i s e d sand dunes. 
A c o mposite sample was a l s o t a k e n f r o m p i l e s o f t o p s o i l p r i o r 
t o s p r e a d i n g on t h e dunes. R o u t i n e a n a l y s i s was c a r r i e d o u t 
by t h e a u t h o r on t h e s e samples w h i l e a n c i l l a r y a n a l y s e s such 
as f r e e i r o n d e t e r m i n a t i o n s were a l s o made. Three o r g a n i c 
samples were a l s o o b t a i n e d f o r s p e c i a l a n a l y s i s . These samples 
were t a k e n f r o m t h e l i t t e r h o r i z o n and t h e h o r i z o n o f decomposing 
l e a f f a l l f r o m e i g h t y e a r o l d Tamarix woodland, and f r o m t h e 
o r g a n i c / m i n e r a l s u r f a c e h o r i z o n under t h r e e y e a r o l d woodland. 
6 . 3 ( i ) The p h y s i c a l p r o p e r t i e s 
I n t h e e a r l y s t a g e s o f t h e p r o j e c t , t h e t o p s o i l was o b t a i n e d 
f r o m t h e s a l i n e f l a t s o f B i r k a t - a l - A s f a r and sp r e a d d i r e c t l y 
on t h e smoothed dunes t o a d e p t h o f 15-20 cms. I n r e c e n t y e a r s , 
as B i r k a t - a l - A s f a r has been r e c l a i m e d f o r a g r i c u l t u r a l use, l e s s 
t o p s o i l has been o b t a i n e d f r o m t h i s s o u r c e w h i l e an i n c r e a s i n g 
amount has been o b t a i n e d f r o m s m a l l s a l i n e f l a t s amongst t h e sand 
dunes and near Juwatha. Some o f t h e s e f l a t s have p r o b a b l y 
been c u l t i v a t e d i n t h e p a s t b e f o r e becoming t o o s a l i n e and/or b e i n g 
overwhelmed by t h e e n c r o a c h i n g dunes. T h i s t o p s o i l i s a l s o no 
l o n g e r s p r e a d d i r e c t l y on t h e dunes, b u t i s mixed w i t h a e o l i a n 
m a t e r i a l . Samples o f t o p s o i l , o b t a i n e d i n A p r i l 1971 p r i o r t o 
i t s b e i n g s p r e a d on t h e dunes, had t h e f o l l o w i n g c o m p o s i t i o n : 
Sand Coarse S i l t S i l t Clay 
L o c a l i t y 1 2.0-0.05 nuns 0.05-0.02 mms 0.02-0.002 mms 0.002 rams 
4 74.4 7.0 10.0 S.6 
9 70.0 7.8 12.3 9.9 
The f i g u r e s a r e g i v e n as p e r c e n t a g e s o f t h e f i n e e a r t h sample ( < 2 m m s ) , 
b u t a l l samples c o l l e c t e d on t h e sand s t a b i l i s a t i o n p r o j e c t passed 
1. For l o c a t i o n , see T a b l e 6.1. 
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P l a t e 11 
S o i l p r o f i l e under T a n a r l x a p h y l l a woodland e s t a b l i s h e d f o r e i g h t y e a r s , 
A l Hasa o a s i s , Saudi A r a b i a . Note the e x t e n s i v e root development and the 
l e a s d i s t i n c t i v e nature of the t o p s o i l . 
SILT + CLAY % ( U S D A limits) 
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t h r o u g h t h e 2 mm s i e v e . The s i z e l i m i t s o f t h e f r a c t i o n s a r e 
d e f i n e d a c c o r d i n g t o t h e U n i t e d S t a t e s Department o f A g r i c u l t u r e 
and t h e t o p s o i l may t h u s be r e g a r d e d as a sandy loam, b u t t h e 
normal p r o p e r t i e s o f a sandy loam, such as weak s t r u c t u r a l 
a g g r e g a t i o n , a r e m o d i f i e d by t h e h i g h s o l u b l e s a l t c o n t e n t s . 
As p r e v i o u s l y d e s c r i b e d a t h i n s a l t c r u s t q u i c k l y develops 
as t h i s m a t e r i a l d r i e s o u t , t h u s g i v i n g i n i t i a l s t a b i l i t y t o 
t h e dunes. 
I n c o n t r a s t , t h e a e o l i a n sands o n l y c o n t a i n m i n i s c u l e 
amounts o f s i l t and c l a y . The c o m p o s i t i o n s o f f i n e e a r t h 
samples, f r o m s i x l o c a l i t i e s , shown on f i g u r e 20, a r e g i v e n 
i n T a b l e 6.1. I n each case, over 90% o f t h e p a r t i c l e s a r e o f 
co a r s e and medium sand s i z e and t h e r e i s no s t r u c t u r a l a g g r e g a t i o n 
When t h e t o p s o i l i s spread over t h e dunes, t h e Tamarix 
t r e e s a r e u s u a l l y p l a n t e d i m m e d i a t e l y and i r r i g a t i o n w a t e r a p p l i e d 
Because t h e t o p s o i l i s k e p t m o i s t , t h e e f f e c t s o f t h e s o l u b l e 
s a l t s , p r e v i o u s l y d e s c r i b e d , a r e reduced and i n f a c t t h e y a r e 
washed o u t o f t h e t o p s o i l . The weak s t r u c t u r e o f t h e sandy 
loams b r e a k s down and a l l o w s l e s s i v a g e o f t h e f i n e f r a c t i o n s 
as shown i n f i g . 2 1 . I t i s n o t i c e a b l e t h a t t h e h o r i z o n o f 
a e o l i a n m a t e r i a l , i m m e d i a t e l y u n d e r l y i n g t h e sandy loam, q u i c k l y 
accumulates some s i l t and c l a y , b u t i t would appear t h a t t h i s 
r a t e o f a c c u m u l a t i o n slows down. T h i s can be i n t e r p r e t e d by 
t h e l a r g e r p o r e s i n t h e a e o l i a n m a t e r i a l q u i c k l y becoming b l o c k e d 
by t h e s i l t s i z e d p a r t i c l e s , t h u s e f f e c t i v e l y r e d u c i n g t h e r a t e 
o f l e s s i v a g e . When t h e r e has been some a c c u m u l a t i o n o f f i n e 
m a t e r i a l lower down t h e p r o f i l e , i t i s p r e d o m i n a n t l y composed o f 
f i n e s i l t and c l a y ( p r o f i l e s 32 and 3 3 ) . 
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As t h e woodland cover develops (Tamarix a p h y l l s had reached 
a h e i g h t o f about S m e t r e s , w i t h a c l o s e d canopy, w i t h i n 8 y e a r s 
o f p l a n t i n g ) n a t u r a l s t r u c t u r a l a g g r e g a t e s d e v e l o p , i n i t i a l l y 
i n t h e m i n e r a l h o r i z o n i m m e d i a t e l y beneath t h e l i t t e r and/or 
humus. The s o i l remains u n d i s t u r b e d a f t e r p l a n t i n g , e x c e p t 
f o r i r r i g a t i o n , and c o n s e q u e n t l y c o n d i t i o n s f o r n a t u r a l s t r u c t u r e 
a g g r e g a t i o n a r e f a v o u r a b l e . A t e s t , s i m i l a r t o t h a t used a t 
A l A i n ( C h a p t e r 4) was a p p l i e d t o t h e s t r u c t u r e a t two s i t e s , 
one w h i c h had been under woodland f o r 8 y e a r s and t h e o t h e r 
f o r 3 y e a r s , and t h e r e s u l t s a r e shown i n T a b l e 6.2. The c o l o u r 
o f xhe o r g a n o - m i n e r a l h o r i z o n i m m e d i a t e l y beneath t h e o r g a n i c 
m a t t e r was 2.5Y5/0 ( g r e y ) and 10YP.4/2 ( d a r k grey brown) r e s p e c t i v e l y 
and t h e s t r u c t u r a l a g g r e g a t e s amounted t o about 65% and 40% 
o f t h e exposed s e c t i o n s o f t h e two p r o f i l e s r e s p e c t i v e l y ( P r o f i l e s 
32 and 3 4 ) . When t h e t e s t was a p p l i e d , t h e s o i l s were m o i s t 
and even t h o u g h t h e a d d i t i o n a l w e t t i n g caused t h e breakdown 
o f many o f t h e s t r u c t u r a l a g g r e g a t e s , a s i g n i f i c a n t number were 
r e l a t i v e l y w a t e r s t a b l e . Whether s t r u c t u r a l s t a b i l i t y w i l l 
i n c r e a s e t o any g r e a t degree, as t h e woodland ages, i s n o t c l e a r 
f o r t h e c l o s e canopy would t e n d t o p r e c l u d e t h e g r o w t h o f any 
dense ground v e g e t a t i o n , w h i l e , a t c e r t a i n t i m e s , as w i l l be 
seen i n S e c t i o n 5 . 3 ( i i ) t h e o r g a n i c m a t t e r can be a c i d . I t 
was observed t h a t under t h e l o n g e r e s t a b l i s h e d woodland, t h e 
o n l y ground cover p r e s e n t was t h e o c c a s i o n a l sveed s p e c i e s and some 
gr a s s where t h e r e was a break i n t h e t r e e canopy and/or where 
t h e r e was an absence o f l i t t e r . 
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6 . 3 ( i i ) Organic m a t t e r 
Perhaps t h e most i m p o r t a n t c a t a l y s t i n any changes t h a t 
o ccur i n t h e s o i l i s t h e o r g a n i c h o r i z o n p r e s e n t on t h e s o i l s u r f a c e . 
I n t h e a r i d zone, t h i s i s u s u a l l y absent due t o t h e sparse v e g e t a t i o n , 
and consequent low l e v e l s o f o r g a n i c m a t t e r a d d i t i o n , and t h e 
r a p i d r a t e o f d e c o m p o s i t i o n , p a r t i c u l a r l y a f t e r any r a i n f a l l . 
The woodland o f A l Hasa i s u n u s u a l i n h a v i n g a d i s t i n c t l a y e r 
o f o r g a n i c m a t e r i a l on t h e s o i l s u r f a c e and, even on p l o t s 
w h i c h had been p l a n t e d w i t h Tamarindus s p e c i e s f o r 8 y e a r s , t h i s 
l a y e r was f r e q u e n t l y more t h a n 1 cm i n t h i c k n e s s a t t h e t i m e o f 
s a m p l i n g ( A p r i l 1971). F u r t h e r m o r e , on t h e s e l o n g e r e s t a b l i s h e d 
p l o t s t h e o r g a n i c l a y e r showed d i s t i n c t h o r i z o n a t i o n as, f o r 
i n s t a n c e , a t t h e s i t e , o f p r o f i l e 32:-
1.25-0.5 cms, undecomposed Tamarix l i t t e r i n c l u d i n g b o t h 
needles and seed pods; d r y ; c l e a r change, 
0.5-0 10YR2/1 ( b l a c k ) ; decomposing i i t t e r ; n e e d l e s 
h u m i f i e d towards t h e base o f h o r i z o n b u t any seed 
pods r e t a i n e d t h e i r f o r m t h r o u g h o u t ; f u n g a l 
a c t i v i t y i n e v i d e n c e ; m o i s t ; c l e a r change 
0-50 cms + m i n e r a l s o i l 
Where t h e p r o f i l e has n o t been so l o n g e s t a b l i s h e d ( e . g . p r o f i l e 
3 4 ) , t h e l a y e r o f o r g a n i c m a t t e r i s n o t so t h i c k , u s u a l l y l e s s t h a n 
0.5 cms, and, i n p a r t i c u l a r , t h e l i t t e r l a y e r i s v i r t u a l l y a b s e n t . 
I n s t e a d , t h e r e i s a tendency f o r t h e o r g a n i c l a y e r t o be composed 
s o l e l y o f decomposing nee d l e s as t h e young trees have n o t y e t shed 
any seed pods. 
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Changes i n pH v a l u e s o f o r g a n i c m a t e r i a l f r o m 
Tamarix a p h y l l a , A l Hasa o a s i s . 
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I n t h e i n i t i a l s t a g e s o f t h e f o r m a t i o n o f t h e o r g a n i c 
h o r i z o n s , t h e l i m i t e d l i t t e r f a l l f r o m t h e young t r e e s i s 
u s u a l l y washed t o one end o f t h e p l o t by i r r i g a t i o n , b u t as 
t h e l i t t e r f a l l i n c r e a s e s a more even o r g a n i c l a y e r d e v e l o p s . 
Three r e p r e s e n t a t i v e o r g a n i c samples were c o l l e c t e d f o r a n a l y s i s 
i n t h e l a b o r a t o r y : -
( i ) a sample o f t h e l i t t e r h o r i z o n , composed o f n e e d l e s and 
seed pods. 
( i i ) a sample o f decomposing m a t e r i a l , i n wh i c h t h e r e was 
e v i d e n c e o f c o n s i d e r a b l e f u n g a l a c t i v i t y . 
B o t h t h e s e samples were o b t a i n e d f r o m under Tamarix woodland t h a t 
had been e s t a b l i s h e d about e i g h t y e a r s p r i o r t o s a m p l i n g . Sample 
( i ) was d r y w h i l e sample ( i i ) was m o i s t a t t h e t i m e o f c o l l e c t i o n . 
( i i i ) a m i x t u r e o f m i n e r a l m a t t e r and p a r t i a l l y decomposed 
l i t t e r , r e p r e s e n t i n g t h e s i t u a t i o n t h a t e x i s t s i n t h e e a r l y s t a g e s 
o f t h e e s t a b l i s h m e n t o f woodland b e f o r e t h e o r g a n i c l a y e r f u l l y 
d e v e l o p s . The sample was m o i s t when c o l l e c t e d and weak s t r u c t u r a l 
a g g r e g a t e s , o f medium s u b a n g u l a r b l o c k s , were p r e s e n t i n t h e 
h o r i z o n . 
I n t h e l a b o r a t o r y , each o f t h e samples was k e p t p e r m a n e n t l y 
m o i s t , though n o t w a t e r l o g g e d , w i t h d i s t i l l e d w a t e r , t o s i m u l a t e 
t h e e n v i r o n m e n t a l c o n d i t i o n s t h a t d e v e l o p as a r e s u l t o f i r r i g a t i o n . 
pH v a l u e s were r e c o r d e d a t 24 hour i n t e r v a l s , over a p e r i o d o f 
one month, and t h e r e s u l t s a r e shown i n f i g u r e 22. A t t h e o u t s e t 
o f t h e e x p e r i m e n t , t h e undecomposed l i t t e r sample had a pH v a l u e 
o f 6.5, b u t t h e i n i t i a l e f f e c t o f t h e a p p l i c a t i o n o f i r r i g a t i o n 
w a t e r was t o cause a marked r e d u c t i o n i n pH v a l u e . The maximum 
a c i d i t y r e c o r d e d was 5.70 a f t e r two days b u t t h e sample m a i n t a i n e d 
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an a c i d r e a c t i o n f o r a f u r t h e r 4 days. T h i s a c i d i t y may be 
a t t r i b u t e d t o t h e d e c o m p o s i t i o n o f t h e h e m i c e l l u l o s e s r e s u l t i n g 
i n t h e e v o l u t i o n o f C0 9 and a consequent d e p r e s s i o n i n pH v a l u e s . 
(Not a l l t h e h e m i c e l l u i o s e s , which a r e ver y h e t e r o g e n e o u s , would 
decompose d u r i n g t h i s p e r i o d and a f t e r t h e c o m p l e t i o n o f t h e main 
e x p e r i m e n t , t h e sample was a i r d r i e d and p l a c e d i n an oven f o r 
o 
24 hours a t a t e m p e r a t u r e o f 110 C t o remove any r e m a i n i n g 
m o i s t u r e . I t i s s i g n i f i c a n t , t h a t on r e w e t t i n g , a s i m i l a r 
p a t t e r n o f pH v a l u e s emerged, though t h e a c i d i t y r e c o r d e d was 
n o t so g r e a t (pH 6.40) t h u s s u g g e s t i n g t h a t t h e g r e a t e r p r o p o r t i o n 
o f h e m i c e l l u l o s e s had been decomposed d u r i n g t h e f i r s t c y c l e ) . 
S i x days a f t e r zhe s t a r t o f t h e main e x p e r i m e n t , t h e l i t t e r once 
a g a i n had an a l k a l i n e r e a c t i o n and t h e pH c o n t i n u e d t o r i s e u n t i l 
t h e n i n t h day. Between t h e Sth and 2 5 t h days t h e pH became 
r e l a t i v e l y c o n s t a n t w i t h v a l u e s o f 7.20-7.35. D u r i n g t h i s phase 
of d e c o m p o s i t i o n i t i s c o n s i d e r e d t h a t t h e d e c o m p o s i t i o n o f c e l l u l o s e s 
was p r e d o m i n a n t , t h o u g h some d e c o m p o s i t i o n o f h e m i c e l l u l o s e s c o n t i n u e d 
A f t e r t h e 2 5 t h day, t h e r i s e i n pH v a l u e s t h a t o c c u r e d may be 
a t t r i b u t e d t o t h e l o w e r i n g i n amount o f c e l l u l o s e d e c o m p o s i t i o n , 
though t h i s would c o n t i n u e f o r s e v e r a l more months, w h i l e l i g n i n 
d e c o m p o s i t i o n , w h i c h i s much sl o w e r becomes more i m p o r t a n t . 
A s i m i l a r p a t t e r n i s e v i d e n t w i t h t h e sample o f decomposing 
l i t t e r . The d e p r e s s i o n i n t h e c u r v e a t t h e s t a r t o f t h e e x p e r i m e n t 
may be a t t r i b u t e d t o t h e d e c o m p o s i t i o n o f r e s i d u a l h e m i c e l l u l o s e s , 
w h i l e t h e g e n e r a l l y h i g h e r v a l u e s r e f l e c t t h e more advanced s t a t e 
o f d e c o m p o s i t i o n i . e . t h e r e i s a g r e a t l y reduced p r o d u c t i o n o f 
c o 2 . 
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I n c o n t r a s t t o t h e unciecomposed l i t t e r and t h e decomposing 
o r g a n i c m a t t e r , t h e sample wh i c h c o m p r i s e d a m i x t u r e o f m i n e r a l 
m a t t e r and p a r t i a l l y decomposed o r g a n i c remains ( t h e sample had an 
o r g a n i c m a t t e r c o n t e n t o f 59.4%) showed a f a i r l y c o n s t a n t pH w h i c h 
o n l y r o s e f r o m 7.40 t o 7.60 d u r i n g t h e c o u r s e o f t h e e x p e r i m e n t . 
T h i s can perhaps be a t t r i b u t e d t o a much lower r a t e o f b i o l o g i c a l 
a c t i v i t y due t o an adverse s o i l e n v i r o n m e n t . The m i n e r a l p a r t i c l e s 
a r e d o m i n a n t l y composed o f q u a r t z w h i l e t h e sample had a c o n d u c t i v i t y 
o f 1.54 mmhos/cm a t 25°C a t t h e s t a r t o f t h e e x p e r i m e n t . 
These c o n c l u s i o n s a r e f u r t h e r s u p p o r t e d by an a n a l y s i s o f 
t h e c o m p o s i t i o n o f t h e humus. The b u l k o f t h e humus i n t h e s o i l , 
as d i s t i n c t f r o m t h e undecomposed p l a n t l i t t e r , i s composed o f 
r e s y n t h e s i s e d m a t e r i a l r e s u l t i n g f r o m t h e breakdown o f s i m p l e 
o r g a n i c substances such as c e l l u l o s e , s u g a r , f a t s , r e s i n s , e t c . 
C e l l u l o s e , f o r i n s t a n c e , i s e v e n t u a l l y c o n v e r t e d t o a humic a c i d , 
one o f t h e main components o f humus, and, f r o m t a b l e 6.3, t h e sample 
fr o m t h e decomposing l i t t e r showed t h e g r e a t e s t q u a n t i t y o f humic 
a c i d , c o n f i r m i n g t h a t t h e r e had been a g r e a t e r d e c o m p o s i t i o n o f 
c e l l u l o s e and h e m i c e l l u l o s e t h a n i n t h e o t h e r samples. Thus 
one would n o t e x p e c t any g r e a t r e l e a s e o f c a r b o n d i o x i d e and 
c o n s e q u e n t l y h i g h e r pH v a l u e s . 
The o t h e r two major components o f humus a r e f u l v i c a c i d and 
humin. The l a t t e r i s an i n s o l u b l e f o r m o f humic a c i d and one o f 
t h e major p r o c e s s e s c o n t r i b u t i n g t o i t s f o r m a t i o n i s d e s s i c a t i o n . 
Thus, i n a r i d a r e a s , t h e c o n t e n t s o f humin t e n d t o be h i g h e r t h a n 
i n t h e humid c o u n t e r p a r t s . The t h r e e samples a n a l y s e d had 
humin c o n t e n t s o f 61.3-64.5% and t h e s e f i g u r e s c o n t r a s t w i t h t h o s e 
-162-
T a b l e 6.3 
A n a l y s i s o f t h e humic m a t e r i a l , A l Hasa 
L i t t e r h o r i z o n Decomposing m a t e r i a l Decomposing m a t e r i a l 
and o r g a n i c m a t t e r 
O r g a n i c m a t t e r 100% 100% 59.4% 
% o f humic m a t e r i a l 
Humin 63.30 64.47 61.30 
Humic a c i d 11.02 13.38 10.56 
F u l v i c a c i d 26.68 23.15 29.34 
Humic a c i d 
F u l v i c a c i d 0.41 0.5S 0.36 
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o f 48.2% f o r krasnozems ( m o i s t t r o p i c a l s o i l s ) o r 56.5% 
f o r an. i r r i g a t e d serozem, under c o t t o n , quoted by Kononova ( 1 9 6 1 ) . 
W i t h newly e v o l v e d humus, f u l v i c a c i d s t e n d t o predo m i n a t e over 
humic a c i d s , as i s e v i d e n t i n t h e samples. F u l v i c a c i d i s 
s o l u b l e i n w a t e r and c o n t a i n s a c o n s i d e r a b l e p r o p o r t i o n o f a c t i v e 
a c i d g r o u p s . Rode ( 1 9 3 7 ) , f o r i n s t a n c e , c o n s i d e r e d t h a t f u l v i c 
a c i d s a r e r e s p o n s i b l e f o r t h e m i g r a t i o n o f s e s q u i o x i d e s i n 
p o d z o l s o i l s , m a i n l y i n t h e for m o f complex compounds. I t i s 
s i g n i f i c a n t t h a t t h e l o w e s t v a l u e s o f Fe^O^, i n t o p s o i l samples, 
t e n d t o be foun d i n th o s e areas where woodland has been 
e s t a b l i s h e d f o r l o n g e s t and, c o n s e q u e n t l y , t h e r e has been g r e a t e r 
t i m e f o r f u l v i c a c i d s t o decompose s i l i c a t e s and r e l e a s e i r o n 
w h i c h i s lea c h e d down t h e p r o f i l e ( T a b l e 6.4). 
The c o n c l u s i o n t h a t must t h e r e f o r e be drawn i s t h a t t h e 
f o r m a t i o n o f a d i s t i n c t o r g a n i c h o r i z o n , under Tamarix woodland, 
produces an a c i d e n v i r o n m e n t a t l e a s t i n t h e e a r l y s t a g e s o f 
humus a c c u m u l a t i o n . The i m p l i c a t i o n s o f t h i s a c i d e nvironment 
i n c l u d e : -
( i ) There w i l l be a p r o g r e s s i v e d e c a l c i f i c a t i o n o f t h e s o i l . 
The r e d u c t i o n i n t h e q u a n t i t i e s o f CaCO^ w i t h i n c r e a s i n g age o f 
woodland i s e v i d e n t i n T a b l e 6.4 i n w h i c h t h e t o p s o i l samples o f 
th o s e areas t h a t have been under woodland l o n g e s t show th e l o w e s t 
CaC0 o c o n t e n t , o 
( i i ) As t h e environment becomes l e s s c a l c a r e o u s , t h e 
a v a i l a b i l i t y o f p l a n t n u t r i e n t s w i l l i n c r e a s e . A t p r e s e n t t h e 
amount o f a v a i l a b l e phosphate i s l e s s t h a n 7 mgms/100 gms w i t h 
c o n s i d e r a b l y more b e i n g i n u n a v a i l a b l e f o r m (See anal y s e s i n Appendix 
1 ) . As t h e amount o f CaCO^ i s reduced, an i n c r e a s e i n a v a i l a b l e 
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phosphate would be e x p e c t e d , as t h e r e i s l e s s f r e e CaCO^ t o 
fo r m i n s o l u b l e c a l c i u m phosphate complexes. 
( i i i ) I n t h e e a r l y stages o f humus f o r m a t i o n , when t h e r e 
i s an excess o f f u l v i c a c i d , t h e r e w i l l be r a p i d t r a n s l o c a t i o n 
o f n u t r i e n t s o u t o f t h e r o o t i n g zone o f p l a n t s . However, as 
t h e amount o f humic a c i d i n c r e a s e s n u t r i e n t a v a i l a b i l i t y w i l l 
be i n c r e a s e d , i n p a r t i c u l a r t h e a v a i l a b i l i t y o f phosphate 
w i l l be enhanced. 
6 . 3 ( i i i ) S o l u b l e s a l t c o n t e n t 
A sample o f s o i l m a t e r i a l p i l e d up p r i o r t o s p r e a d i n g 
on t h e s u r f a c e o f t h e sand dunes had a c o n d u c t i v i t y o f 22.6 
mmhos/cm a t 25°C w i t h t h e s o l u b l e a n i o n s b e i n g dominated by 
c h l o r i d e and s u l p h a t e (144.2 m e q / l i t r e and 90.6 m e q / l i t r e 
r e s p e c t i v e l y ) as shown i n T a b l e 6.5. Other t o p s o i l s , w h i c h 
had been a p p l i e d t o t h e a e o l i a n sands f o r a y e a r o r l e s s , had 
c o n d u c t i v i t i e s w i t h i n t h e range 4.65 - 27.40 mmhos/cm a t 25°C 
though s a l i n e s o i l s a t A l Hasa have r e c o r d e d c o n d u c t i v i t i e s 
i n excess o f 90 mmhos/cm a t 25°C ( L e i c h t w e i s s I n s t i t u t e , 1972) 
and u n d o u b t e d l y such s o i l s may have been used f o r sand 
s t a b i l i s a t i o n i n t h e p a s t . S a l i n e s o i l s w i t h t h e s e e x c e p t i o n a l l y 
h i g h c o n d u c t i v i t i e s may w e l l have been a p p l i e d as t o p s o i l i n t h e 
samples t a k e n f r o m woodland e s t a b l i s h e d f o r t h r e e y e a r s ( T a b l e 6.5) 
T h i s t a b l e shows t h a t once t h e s a l i n e m a t e r i a l has been spread 
over t h e dunes and i r r i g a t e d , t h e r e i s an immediate change i n t h e 
c o m p o s i t i o n o f t h e s o l u b l e s a l t s . No l o n g e r do c h l o r i d e i o n s 
dominate t h e a n i o n s i n t h e s a t u r a t i o n e x t r a c t - i n s t e a d , t h e 
s u l p h a t e a n i o n i s more i m p o r t a n t . T h i s i s v e r y much i n l i n e 
w i t h t h e f i n d i n g s o f t h e L e i c h t w e i s s I n s t i t u t e (1972) who showed 
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STAGE I 
STAGE 2 
STAGE 3 
e Mineral grains 
Salt crystals 
Root and root hairs 
F i g . . 23 
D i a g r a m a t i c r e p r e s e n t a t i o n o f l e a c h i n g o f s o l u b l e s a l t s 
and development o f p l a n t r o o t s . 
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e x p e r i m e n t a l l y t h a t s o i l s exposed t o a c o n t i n u o u s s a l i n i z a t i o n 
p r o c e s s tended t o accumulate c h l o r i d e i o n s w h i l e s o i l s t h a t a r e 
f r e q u e n t l y leached have a h i g h e r p e r c e n t a g e o f s u l p h a t e i o n s . 
The a e o l i a n sands have a v e r y low c o n d u c t i v i t y p r i o r t o 
r e c l a m a t i o n and, w h i l e t h e a p p l i c a t i o n o f s a l i n e t o p s o i l may cause 
a temporary i n c r e a s e i n s a l i n i t y , t h e i r p o r o s i t y i s such t h a t 
t h e y soon r e v e r t t o t h e i r f o r m e r s a l i n i t y s t a t u s . T h i s i s 
shown i n T a b l e 6.6. I t i s c o n s i d e r e d t h a t t h e t i m e f a c t o r 
has been i n s u f f i c i e n t t o cause any i n c r e a s e i n s o l u b l e s a l t s 
i n t h e p r o f i l e under woodland t h a t had been e s t a b l i s h e d f o r 
a year o r l e s s , and t h a t t h e i n c r e a s e i n s a l i n i t y i s a t a 
maximum a f t e r about t h r e e y e a r s . Those p r o f i l e s under woodland 
e s t a b l i s h e d f o r a t l e a s t f i v e y e a r s o n l y have m i n i m a l q u a n t i t i e s 
o f s o l u b l e s a l t s i n t h e t o p s o i l . 
On t h e s e porous a e o l i a n sands, t h e a p p l i c a t i o n o f a 
h i g h l y s a l i n e t o p s o i l has been v e r y s u c c e s s f u l as a r e c l a m a t i o n 
t e c h n i q u e and t h e t r e e s , Tamarix s p e c i e s , appear t o s u f f e r no 
h a r m f u l e f f e c t s , even when t h e y a r e o n l y r e c e n t l y e s t a b l i s h e d . 
A mechanism, s i m i l a r t o t h a t p u t f o r w a r d by Boyko (1966) f o r 
t h e s u c c e s s f u l u t i l i s a t i o n o f s a l i n e w a t e r , i s s u g g e s t e d , o n l y 
i n r e v e r s e . P r i o r t o t h e f i r s t i r r i g a t i o n , t h e p o r e spaces a r e 
f i l l e d w i t h s a l t c r u s t s . The f i r s t i r r i g a t i o n d i s s o l v e s some 
o f t h e s e s o l u b l e s a l t s , washing them down t h e p r o f i l e , and c r e a t e s 
a f i n e p o r e w i t h i n t h e s a l t c r u s t ( f i g u r e 2 3 ) . The f i n e r o o t s 
o f t h e newly p l a n t e d Tamarix can de v e l o p i n t h e v o i d f o r t h e r e i s 
a ready s u p p l y o f oxygen and t h e p l a n t , b e i n g s a l t t o l e r a n t , can 
w i t h s t a n d any c o n c e n t r a t i o n s o f s a l t i n t o which i t comes i n c o n t a c t . 
S u c c e s s i v e i r r i g a t i o n s c o n t i n u e t o e n l a r g e t h e p o r e spaces by 
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T a b l e 6.6 
S a l i n i t y s t a t u s (measured by c o n d u c t i v i t y i n mmhos/cm 
a t 25 C) o f s o i l s under woodland o f d i f f e r e n t ages, 
A l Hasa 
I Age o f Woodland 
| ( y e a r s ) 
Sample depths 
cms . 
5-15 1.14 0.59 0.25 17.50 19.40 27.40 4.65 10.40 
25-35 0.06 0.49 0.19 3.55 1,45 0.17 0.12 
60-70 0.11 0.11 2.68 0.11 
d i s s o l v i n g the s o l u b l e s a l t s and l e a c h i n g them down the 
p r o f i l e . Owing to the high p o r o s i t y of the u n d e r l y i n g a e o l i a n 
sand, they do not form accumulations w i t h i n the r o o t i n g depth 
of the growing t r e e . 
PART THREE 
ANALYSIS AND CONCLUSIONS 
CHAPTER 7 
The S i m i l a r i t y of C u l t i v a t e d A r i d Zone 
S o i l s i n the Middle E a s t 
7.1 Methods 
I t i s g e n e r a l l y considered t h a t a major e f f e c t of 
c u l t i v a t i o n i s to cause s o i l s , a t l e a s t i n t h e i r c u l t i v a t e d 
h o r i z o n , to become more a l i k e each other (e.g. Bunting, 1965). 
In an a r i d environment the n a t u r a l s o i l forming f a c t o r s have a 
very r e s t r i c t e d i n f l u e n c e on s o i l development because of the 
absence of moisture. Hence, with i r r i g a t i o n , i t might be 
expected t h a t the e f f e c t on man on s o i l formation would be 
apparent w i t h only a s h o r t period of time. The case s t u d i e s 
d e s c r i b e d i n the preceding chapters provide examples of s o i l s 
t h a t man has a f f e c t e d f o r hundreds, i f not thousands, of y e a r s 
as w e l l as those t h a t he i s only j u s t i n the process of 
r e c l a i m i n g . In order to t e s t the hypothesis that man, as a 
s o i l forming f a c t o r , can c r e a t e d i s t i n c t s i m i l a r i t i e s i n a r i d 
zone s o i l s w i t h i n only a very s h o r t p e r i o d of time, w i t h regard 
to a v a r i e t y of cropping and management c o n d i t i o n s , c l u s t e r 
a n a l y s i s was c a r r i e d out on a n a l y t i c a l data d e r i v e d from 62 
s o i l p r o f i l e s i n the arenas of the case s t u d i e s (Table 7 . 1 ) . 
The apparent over emphasis on p r o f i l e s from Dubti, E t h i o p i a , 
r e f l e c t s the wide t e x t u r a l range of s o i l s t h a t are being 
c u l t i v a t e d t h e r e . 
Methods employed i n the c l u s t e r a n a l y s i s were based on 
those f i r s t e s t a b l i s h e d by Hole and Hironaka (1950), and subsequently 
r e f i n e d by B i d w e l l and co-workers (1934a,b,c), Sarkar et a l . ( 1 9 6 6 ) , 
Rayner (1966) and Muir et a l . ( 1 9 7 0 ) . Hole and Hironaka concluded 
-172-
0 
V) 3 
w 
0 • 
O 
o 
o 
o 
o 
0 
o 
•H 3 
+-> 4-> £ X 3 0 a e 
> 
0 
7] 
a! 
c 
. - J 
0 > 
"V1 I 
oo 
0 
•1 0 0 0 
rH i - I •a > 
(-• •H a c • P 0 o .—1 a. 0 0 o aa +-> o U 0 o o o c u O > fa u 3 
-173-
t h a t 'Although i t may be argued th a t o r d i n a t i o n of s o i l p r o f i l e s 
y i e l d s c o n c l u s i o n s predetermined by the s e l e c t i o n of data by the 
s o i l s c i e n t i s t , and h i s i n t e r p r e t a t i o n of the r e s u l t s , n e v e r t h e l e s s 
t h i s method holds promise ( a ) as a means of r e c o r d i n g judgements 
and i n s i g h t s of s o i l c l a s s i f i c a t i o n i s t s and g e n e t i c i s t s , and 
(b) as a means of t e s t i n g these judgements and i n s i g h t s . ' 
P r e d i c t i o n might a l s o be added, for i f i t can be shown th a t 
t h e r e i s a high degree of s i m i l a r i t y between these s o i l s as 
a r e s u l t of c u l t i v a t i o n , i r r e s p e c t i v e of the a g r i c u l t u r a l and 
i r r i g a t i o n technio.ues a p p l i e d , then the r e s u l t s may be used 
as a guide i n development work. 
7 . 1 ( i ) The Index of S i m i l a r i t y 
19 s o i l c h a r a c t e r i s t i c s f o r each of the 62 s o i l p r o f i l e s 
were used fo r determining the index of s i m i l a r i t y . While some 
authors (e.g. Rayner, 1966, Muir et a l . 1970) have used over 
50 c h a r a c t e r i s t i c s , S a r k a r e t a l . (1966) found t h a t h i g h l y 
s i m i l a r groups of s o i l s remain together, even when the number 
of c h a r a c t e r i s t i c s are reduced. The 19 s o i l c h a r a c t e r i s t i c s 
t h a t were used, and which r e l a t e to the c u l t i v a t e d h orizon of 
each, of the p r o f i l e s u n l e s s otherwise s t a t e d , were:-
( a ) the t h i c k n e s s of the c u l t i v a t e d h o r i z o n (or s u r f a c e horizon 
u n c u l t i v a t e d s o i l s ) . 
(b) pH 
( c ) the r a t i o of the pH i n the t o p s o i l to t h a t i n the s u b s o i l . 
(d) % CaC0 3 
( e ) the r a t i o of % CaCO i n the t o p s o i l to t h a t i n the s u b s o i l . 
( f ) % c l a y 
(g) the r a t i o of % c l a y i n the t o p s o i l to t h a t i n the s u b s o i l . 
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(h) % s i l t and c l a y (U.S.D.A. l i m i t s ) . 
( i ) the r a t i o of s i l t and c l a y i n the t o p s o i l to tha t i n the 
s u b s o i l . 
( j ) e l e c t r i c a l c o n d u c t i v i t y (E.C. i n mmhos/cm at 25°C) 
(k) the r a t i o of E.C. i n the t o p s o i l to that i n the s u b s o i l . 
( 1 ) c a t i o n exchange c a p a c i t y ( i n meq/100 grms) 
(m) % exchangeable c a l c i u m . 
(n) % exchangeable sodium (E.S.P.) 
(o) the r a t i o of ESP i n the t o p s o i l to tha t i n the s u b s o i l . 
(p) % organic carbon 
(q) % t o t a l n i t r o g e n 
( r ) the carbon:nitrogen r a t i o 
( s ) a v a i l a b l e phosphate (mgs/100 grms) 
For the v a l u e s of each of the c h a r a c t e r i s t i c s , a p r o p o r t i o n a l 
f i g u r e between 0 and 100 was c a l c u l a t e d according to the method of 
Hole and Hironaka ( 1 9 6 0 ) . The minimum val u e of each c h a r a c t e r i s t i c 
recorded was given the f i g u r e 0, w h i l e the maximum val u e was 
ass i g n e d 100. The matrix t h a t was der i v e d f o r the 62 p r o f i l e s 
i s given i n Appendix I I . The column of f i g u r e s under the f i r s t 
s o i l p r o f i l e was summed and the summation value c a l l e d A. T h i s 
was repeated f o r the second s o i l p r o f i l e ( B ) , w h i l e a t h i r d column 
was then compiled, made up of the lower f i g u r e of each p a i r 
of f i g u r e s . T h i s was summed and c a l l e d W. The index of 
s i m i l a r i t y was obtained from the formula 2W/A + B and was expressed 
as a percentage (100% would i n d i c a t e s o i l s that were t o t a l l y a l i k e ) . 
T h i s index expresses the t h e o r e t i c a l s i m i l a r i t y between the 
d i f f e r e n t s o i l s , a c c o r d i n g to the c h a r a c t e r i s t i c s chosen. The 
i n d i c e s of s i m i l a r i t y were c a l c u l a t e d on the NUYiAC computer and a r e 
a l s o given i n Appendix I I I . 
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7 . 1 ( i i ) The s i m i l a r i t y matrix 
As w e l l as the numerical s i m i l a r i t y matrix (Appendix I I I ) , 
a shaded s i m i l a r i t y m a t r i x of the i n d i c e s of the 62 s o i l p r o f i l e s 
w ith each other has been prepared and i s shown i n f i g u r e 24. 
T h i s a l l o w s a p r e l i m i n a r y assessment to be made of the s i m i l a r i t y 
of the s o i l s under c o n s i d e r a t i o n and i t i s c l e a r t h a t there a re 
comparatively few s i m i l a r i t y i n d i c e s of l e s s than 50 - i n f a c t 
the lowest index of s i m i l a r i t y recorded i s 39.1 between an 
u n c u l t i v a t e d x e r o s o l i n Ras-al-Khaimah and a p r o f i l e from under 
woodland, e s t a b l i s h e d f o r 8 y e a r s , at A i Hasa. While i t i s 
immediately s t r i k i n g t h a t s o i l s from each of the d i f f e r e n t study 
areas have the g r e a t e s t s i m i l a r i t i e s with s o i l s from w i t h i n 
the same a r e a , r e l a t i v e l y high degrees of s i m i l a r i t y a r e a l s o 
recorded between some s o i l s of d i f f e r e n t a r e a s . For i n s t a n c e , 
some of the c u l t i v a t e d l i g h t and medium t e x t u r e d s o i l s a t Dubti 
have r e l a t i v e l y high i n d i c e s of s i m i l a r i t y (70-78.9) with some 
of the c u l t i v a t e d s o i l s i n Ras-al-Khaimah and a t A l A i n . 
The g r e a t e s t d i s s i m i l a r i t i e s , as e x e m p l i f i e d by the l i g h t e s t 
shading, would appear to be between the s o i l s from under woodland 
a t A l Hasa and the other p r o f i l e s , but, even here, some s i m i l a r i t i e s 
of up to 79.9 are recorded w i t h both c u l t i v a t e d and u n c u l t i v a t e d 
s o i l s i n Ras-al-Khaimah and a t A l A i n . However, t h i s matrix 
only shows s i m i l a r i t i e s between i n d i v i d u a l s o i l p r o f i l e s and 
not between groups of p r o f i l e s . 
7 . 1 ( i i i ) Dendrograms 
For g r e a t e r refinement, taxonomic dendrograms•have been 
prepared and these a re shown i n f i g u r e s 25 and 26. Sokal and 
R o h l f f (1962) compared four d i f f e r e n t c l u s t e r i n g methods f o r the 
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D Date Garden 
V Vegetables 
F Fodder Crops 
W Woodland 
c l Cotton-Heavy Texture 
c 2 Cotton - Medium Texture 
c 3 Cotton - Light Texture 
Others Uncultivated 
F i g . 25 
Dendrogram of 62 s o i l p r o f i l e s 
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c o n s t r u c t i o n of dendrograms - weighted pair-groups u s i n g 
Spearman's s\;ms of v a r i a b l e s , weighted v a r i a b l e - g r o u p s , unweighted 
v a r i a b l e - g r o u p s and weighted pair-groups u s i n g averages - and 
found t h a t t h i s l a t t e r method gave the h i g h e s t c o r r e l a t i o n with 
the o r i g i n a l i n d i c e s . The pair-group methods, too, allow the 
minimum d i s t o r t i o n to be caused to the o r i g i n a l matrix ( S o k a l and 
Sneath, 1963). 
The weighted pair-group method u s i n g averages, has been 
g e n e r a l l y adopted by the p e d o l o g i s t , as i t does not allow extreme 
weighting to i n d i v i d u a l s j o i n i n g the main group l a t e , and i t 
has been used i n t h i s study. In any c l u s t e r i n g c y c l e , only the 
two most h i g h l y c o r r e l a t e d stems may l i n k and, a f t e r each c y c l e , 
a recomputation of the matrix i s necessary between the c l u s t e r 
and the other i n d i v i d u a l s i n the m a t r i x . These c a l c u l a t i o n s 
were c a r r i e d out on the computer and dendrograms c o n s t r u c t e d 
f o r 62 p r o f i l e s ( f i g u r e 25) and f o r 16 c u l t i v a t e d p r o f i l e s l o c a t e d 
i n the F e d e r a t i o n of Arab E m i r a t e s ( f i g u r e 2 6 ) . 
7.2 A n a l y s i s of Dendrograms 
7 . 2 ( i ) Dendrogram of 62 P r o f i l e s 
T h i s dendrogram ( f i g u r e 25) c l e a r l y shows the c l u s t e r i n g 
of the s o i l s i n t o three major groups which n e a t l y c o r r e l a t e w i t h 
the t h r e e main study a r e a s ( A l A i n and Ras-al-Khaimah may be 
c o n s i d e r e d as one geographic r e g i o n f o r t h i s s t u d y ) . I n view 
of the a p p a r e n t l y s i m i l a r environmental c o n d i t i o n s t h a t p r e v a i l 
a t A l Hasa and A l Ain/Ras-al-Khaimah and the g e n e r a l l y l i g h t 
t e x t u r e s of the s o i l s that occur i n both these a r e a s , i t i s 
perhaps s u r p r i s i n g t h a t there i s such a low l e v e l of s i m i l a r i t y 
between these two groups, ( I and I I I on the f i g u r e ) though the 
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dendrogram does support the v i s u a l assessment of the shaded 
s i m i l a r i t y matrix noted above. In f a c t , t h e r e i s a g r e a t e r 
s i m i l a r i t y between the s o i l s of Dubti P l a n t a t i o n , E t h i o p i a 
(Group I I ) and the A l Ain/Ras-al-Khaimah s o i l s , and the r e l a t i v e 
low s i m i l a r i t y between groups I and I I I i s i n t e r p r e t e d i n terms 
of the management f a c t o r ; a t A l Hasa the s o i l s s t u d i e d were 
anthropogenic and woodland development i s f a r more d r a s t i c i n 
terms of pedogenesis than other forms of a g r i c u l t u r e . 
Group I , the s o i l s from the sand s t a b i l i s a t i o n scheme 
a t A l Hasa, has the g r e a t e s t s i m i l a r i t y as a d i s c r e t e group 
being i n excess of 74.4%. Two main reasons may account f o r t h i s : -
( i ) Management of the s o i l s i s more uniform, with a l l 
the p r o f i l e s sampled being under Tamarix woodland. Only the 
minimum p h y s i c a l d i s t u r b a n c e i s a c t u a l l y caused to the s o i l s , 
once the t o p s o i l has been spread over the a e o l i a n sand and the t r e e s 
have been p l a n t e d , though changes a r e r a p i d i n these c o a r s e t e x t u r e d s o i l s . 
( i i ) The s m a l l s i z e of the population r e l a t i v e to the other 
groups. 
However, w i t h i n the group, th e r e i s a g r e a t e r degree of d i s s i m i l a r i t y 
between i n d i v i d u a l p r o f i l e s than occurs i n other groups with the 
f i r s t l i n k a g e o c c u r r i n g a t 85.1% between p r o f i l e s 45 and 47 on 
the dendrogram. While the s u b s o i l , as has been seen, i s 
homogeneous a e o l i a n sand, the t o p s o i l s a r e very heterogeneous, a s , 
for i n s t a n c e , i n the amount of s o l u b l e s a l t s . I t i s n o t i c e a b l e 
t h a t the two p r o f i l e s which show the g r e a t e s t d i s s i m i l a r i t y 
w i t h i n the group ( p r o f i l e s 41 and 43 on f i g u r e 25) are s o i l s which 
had only been under woodland f o r one year a t the time of sampling. 
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I t i s a n t i c i p a t e d t h a t , over a comparatively s h o r t period of 
time, the mechanisms, d e s c r i b e d i n chapter 6, w i l l r e s u l t i n 
the r e d i s t r i b u t i o n of s o l u b l e s a l t s , c l a y and i r o n throughout 
the p r o f i l e and th e r e w i l l be a g r e a t e r s i m i l a r i t y between 
i n d i v i d u a l s o i l p r o f i l e s . 
The e f f e c t s of uniform management, over p a r t i c u l a r lengths 
of time, a r e a l s o apparent i n Group I I which comprises s o i l s on 
the cotton p l a n t a t i o n a t Dubti, E t h i o p i a . The heavy-textured 
s o i l s (C^ on f i g u r e 25) have a r e l a t i v e l y high degree of 
s i m i l a r i t y (they have a l l l i n k e d by 83%) and form a d i s c r e t e 
sub-group w i t h i n the main group. While they tend to have 
a r e l a t i v e l y homogeneous p r o f i l e morphology i n c o n t r a s t to 
t h e i r l i g h t e r - t e x t u r e d c o u n t e r p a r t s , they have a l s o been 
c u l t i v a t e d f o r a longer time span. A l l the heavy-textured 
p r o f i l e s used i n o r d i n a t i o n were i n a t l e a s t t h e i r seventh 
season of cropping w h i l e the medium-textured s o i l s ( C 2 ) , which 
a l s o l i n k a t 83%, had, w i t h one exception, a t l e a s t four seasons 
of cropping, p r i o r to sampling. In c o n t r a s t , the remaining 
medium-and l i g h t - t e x t u r e d s o i l s ( C 9 and C ^ ) , have g e n e r a l l y 
not been under c u l t i v a t i o n f o r as long, w h i l e t h e i r more v a r i a b l e 
p r o f i l e mo phology a l s o c o n t r i b u t e s to t h e i r lower l e v e l s of 
s i m i l a r i t i e s and l e s s d i s c r e t e grouping. 
Of p a r t i c u l a r i n t e r e s t a r e the p o s i t i o n s of the four 
' u n c u l t i v a t e d ' s o i l s w i t h i n the group. I n f a c t only one i s a 
se m i - n a t u r a l s o i l ( p r o f i l e 60 on the dendrogram) w h i l e the other 
t h r e e (62, 69 and 61) were being prepared f o r a cotton crop a t the 
time of sampling. P r o f i l e 60 i s a f l u v i s o l w i t h a r e l a t i v e l y heavy 
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t e x t u r e i n i t s t o p s o i l ancl a heavy t e x t u r e i n the s u b s o i l and was 
the l a s t to j o i n the d i s c r e t e sub-group H g i comprised mainly 
of heavy-textured s o i l s , a t 81.4%. P r o f i l e G2 i s l i g h t -
t e x t u r e d (16% c l a y i n the t o p s o i l ) and was c u l t i v a t e d f o r one 
or two y e a r s when the p l a n t a t i o n was f i r s t e s t a b l i s h e d , though 
low y i e l d s were obtained. S i n c e then i t has been i n f a l l o w f o r 
seven or e i g h t y e a r s and y e t , w i t h only seedbed p r e p a r a t i o n 
i n c l u d i n g p r e - i r r i g a t i o n , i t e x h i b i t s a high degree of s i m i l a r i t y 
(87.3%) w i t h a l i g h t - t e x t u r e d p r o f i l e t h a t had been under c u l t i v a t i o n 
f o r f i v e y e a r s and forms the nucleus f o r the l i g h t - t e x t u r e d sub-
group ( I I ) . I t must, t h e r e f o r e , be supposed that once 
c u l t i v a t i o n has been undertaken, the s o i l s r e t a i n any anthropogenic 
c h a r a c t e r i s t i c s f o r a c o n s i d e r a b l e p e r i o d of time, fo r the n a t u r a l 
s o i l forming f a c t o r s are too weak to f u r t h e r modify the s o i l s . 
P r o f i l e s 59 and 61 were being c u l t i v a t e d for t h e f i r s t time - the 
former being l i g h t - t e x t u r e d ( c l a y content of 8% i n the t o p s o i l ) 
and the l a t t e r heavy-textured ( c l a y content 60%) - and these 
a r e the l a s t two p r o f i l e s to j o i n the Dubti c l u s t e r a t s i m i l a r i t y 
v a l u e s of 71.7% and 69.3% r e s p e c t i v e l y . 
The s o i l s of Group I I I comprise those from Ras-al-Khaimah 
and A l A i n and they come together a t 71.5%. The main f e a t u r e 
of t h i s group i s the l i n k a g e of the u n c u l t i v a t e d s o i l s ( t h e 
l i n k a g e of the c u l t i v a t e d p r o f i l e s w i l l be d i s c u s s e d s e p a r a t e l y 
i n 7 . 2 ( i i ) ) . The d i s c r e t e sub-group of u n c u l t i v a t e d s o i l s (mainly 
x e r o s o l s and yermosols) a t 81.8% ( I I I ^ ) i s composed of s o i l s from 
Ras-al-Khaimah, w i t h the s i n g l e exception of p r o f i l e 50. T h i s 
sub-group forms an e a r l y l i n k a g e (79.6%) w i t h sub-group I I I of 
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c u l t i v a t e d s o i l s (both dates and v e g e t a b l e s ) , again mainly 
composed of Ras-al-Khaimah s o i l s ; though p r o f i l e s S and 9 are 
e x c e p t i o n s . The t h r e e remaining u n c u l t i v a t e d s o i l s have 
r e l a t i v e l y low s i m i l a r i t i e s with other p r o f i l e s i n Group I I I 
and a r e the l a s t to j o i n the g r o u p - p r o f i l e 48 at 73.1%, 
p r o f i l e 54 a t 72.4% and p r o f i l e 49 at 71.5%. 
• 7 . 2 ( i i ) Dendrogram of 16 c u l t i v a t e d p r o f i l e s a t A l A i n 
and Ras-al-Khaimah. 
F i g u r e 26 d i f f e r s from Group I I I on f i g u r e 25 i n that the 
u n c u l t i v a t e d s o i l s have been omitted from the c l u s t e r . T h i s has 
meant t h a t not only i s th e r e now g r e a t e r s i m i l a r i t y between 
p r o f i l e s 6,16,15,11,4,14,7 and the remaining p r o f i l e s i n the 
group ( t h e s i m i l a r i t y i s now 75.5% compared with 74.3%) but 
a l s o t h e r e has been a minor rearrangement i n the p o s i t i o n i n g of 
i n d i v i d u a l members of the group. P r o f i l e 11 now comes between 
p r o f i l e s 15 and 4 i n s t e a d of a f t e r p r o f i l e 7, but t h i s change 
i s not considered of major s i g n i f i c a n c e . The change i s caused 
by the r e l a t i v e l y high degree of d i s s i m i l a r i t y between p r o f i l e 
11 and the u n c u l t i v a t e d p r o f i l e s which caused i t to j o i n the 
group l a t e ( a t 74.9%) on f i g u r e 25. Omitting the u n c u l t i v a t e d 
p r o f i l e s a l l o w s the s i m i l a r i t y between p r o f i l e 11 and the other 
c u l t i v a t e d p r o f i l e s to be emphasised and i t now j o i n s sub-group B 
a t 76.7%. 
Three d i s t i n c t sub-groups may be d i s t i n g u i s h e d . A i s 
composed of th r e e p r o f i l e s , two from Ras-al-Khaimah and one from 
A l A i n , under vegetables and dates w h i l e C i n c l u d e s only two 
date garden p r o f i l e s from A l .Ain. Sub-group B i s the l a r g e s t 
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and i n c l u d e s c u l t i v a t e d p r o f i l e s from both A l Ain and Ras-
al-Khaimah, under dates, vegetables and fodder crops, though 
i t can be f u r t h e r subdivided. 
Sub-group A i n c l u d e s one date-garden p r o f i l e ( 4 ) and 
two s o i l p r o f i l e s from vegetable p l o t s . The date garden was 
old - many of the palm t r e e s had been cut down for f u e l or had 
f a l l e n down, through o l d age or d i s e a s e , and there was some 
evidence t h a t the garden had been used f o r e i t h e r fodder crops 
or v e g e t a b l e s . At the time of sampling, i t was u n c l e a r whether 
the garden had been abandoned, but some of the b a s i n s that had 
formerly surrounded palm t r e e s had been enlarged for a l t e r n a t i v e 
c r o p s . P r o f i l e 14 was being given over to c i t r u s , though i t had 
i n the p a s t grown water melons, w h i l e p r o f i l e 7 had been under 
vegetable crops f o r eleven y e a r s . G e o g r a p h i c a l l y , both p r o f i l e s 
4 and 14 a r e p e r i p h e r a l to c u l t i v a t i o n i n Ras-al-Khaimah and 
t h i s probably accounts f o r the r e l a t i v e l y low l e v e l of 
s i m i l a r i t y between the i n d i v i d u a l p r o f i l e s i n the group. 
Sub-groups and B 9 are more d i s c r e t e and e x h i b i t higher 
l e v e l s of s i m i l a r i t y . B^ i s composed of s o i l p r o f i l e s from two 
p l o t s which had grown fodder crops ( l u c e r n e ) s i n c e t h e i r e s t a b l i s h m e n t , 
w h i l s t p r o f i l e 6 was under d a t e s . However, the date palms were 
only 16 y e a r s o l d and fodder crops had been grown as a ground 
cropj a t the time of sampling, the remains of a l u b i a ( D o l i c h o s l a b l a b ) 
crop were i n evidence, though lu c e r n e had been grown i n former 
y e a r s . I t i s thus concluded t h a t the e a r l y stages of date 
c u l t i v a t i o n have few s p e c i f i c e f f e c t s on s o i l p r o p e r t i e s and, i f 
the l a t t e r a r e to be i n f l u e n c e d , the cause w i l l be the c u l t i v a t i o n 
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of a ground crop. In the instance c i t e d , the growing of 
fodder crops i s responsible f o r the c l u s t e r i n g of p r o f i l e 
6 w i t h other p r o f i l e s t h a t had had s i m i l a r management. 
B,. i s a mixed sub-group composed mainly of s o i l s under 
vegetable c u l t i v a t i o n from both Ras-al-Khaimah and A l Ain but 
i t also includes two p r o f i l e s from the date gardens at Ras-al-
Khaimah. Of p a r t i c u l a r i n t e r e s t i s the i n c l u s i o n of the l a t t e r 
two p r o f i l e s (3 and 5) and the two p r o f i l e s from A l Ain (8 
and 9) which are the l a s t t o j o i n the group at 84.6%. No 
c l e a r isason can be put forward f o r the i n c l u s i o n of the two date 
garden p r o f i l e s i n t h i s c l u s t e r - both were regarded as being 
t r a d i t i o n a l date gardens, though they d i d have a t h i c k e r ground-
cover of grasses than was usual and these grasses were p e r i o d i c a l l y 
grazed by c a t t l e , sheep and goats. P r o f i l e s 8 and 9 had been 
given over e i t h e r t o vegetable c u l t i v a t i o n or t o c e r e a l growing 
f o r about four years p r i o r t o sampling, and t h e i r l a t e linkage 
t o the remaining p r o f i l e s i n the sub-group i s ascribed not t o 
length of c u l t i v a t i o n (vegetable c u l t i v a t i o n i s a r e l a t i v e l y 
recent phenomenon i n Ras-al-Khaimah and A l Ain) but t o d i f f e r e n c e s 
i n parent m a t e r i a l . 
P r i o r t o attempting c l u s t e r i n g , i t was thought t h a t p r o f i l e s 
3 and 5 would have the g r e a t e s t s i m i l a r i t i e s w i t h the s o i l s from the 
long-established date gardens at A l Ain (sub-group C). I n f a c t , 
the two p r o f i l e s from the A l Ain date gardens ( 1 and 2 ) , w h i l e 
having a high degree of s i m i l a r i t y between themselves (88.8%), 
are among the l a s t t o j o i n the A l Ain/Ras-al-Khaimah c l u s t e r and 
are r a t h e r d i s t i n c t s o i l s . I t may be t h a t the Ras-al-Khaimah 
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date gardens have not been es t a b l i s h e d f o r as long as those 
a t A l A i n , f o r at present there are no s i g n i f i c a n t management 
d i f f e r e n c e s between the two areas. C e r t a i n l y , i t would be 
expected t h a t date gardens established f o r hundreds or even 
thousands of years would have influenced pedogenesis t o a 
greater extent than vegetable gardens established f o r less 
than twenty years - A l .Ain date gardens are regarded as 
the norm, Ras-al-Khaimah date gardens the anomaly. 
7.3 Numerical c l a s s i f i c a t i o n and c u l t i v a t e d a r i d zone s o i l s 
i n the Middle East 
Muir e t . a l . ( 1 9 7 0 ) , i n t h e i r study on the c l a s s i f i c a t i o n of 
s o i l p r o f i l e s by t r a d i t i o n a l and numerical methods, consider 
t h a t the r e s u l t s of numerical c l a s s i f i c a t i o n have been used 
e i t h e r t o j u s t i f y the method or t o question the v a l i d i t y of 
major s o i l groups. They then went on t o compare s o i l c l a s s i f i c a t i o n 
at the series l e v e l w i t h numerical groupings. I n t h i s present 
study, the author has extended the use of numerical c l a s s i f i c a t i o n 
t o employ i t i n the establishment of linkages between s o i l s under 
d i f f e r i n g management techniques, i . e . as a t o o l i n assessing the 
i n f l u e n c e of one of the pedogenic f a c t o r s . 
In a study of t h i s type, the s i m i l a r i t y i n d i c e s , and hence 
linkages, are determined by the choice of c h a r a c t e r i s t i c s t o define 
each s o i l . A change i n choice of c h a r a c t e r i s t i c s might be 
r e f l e c t e d i n s h i f t s of members both w i t h i n and between c l u s t e r s , 
though h i g h l y c o r r e l a t e d members are l i k e l y t o remain together. 
Care was taken i n the choice of c h a r a c t e r i s t i c s f o r t h i s study 
i n t h a t only measurable p r o p e r t i e s of the surface horizon and 
the s u b s o i l immediately u n d e r l y i n g i t were considered, as these 
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are the horizons t h a t w i l l be most a f f e c t e d i n i t i a l l y by the 
d i f f e r e n t types of management. Some problems d i d a r i s e i n 
sampling, where the c u l t i v a t e d horizon was u n d e r l a i n by a series 
of t h i n d e p o s i t i o n a l horizons of v a r y i n g t e x t u r e , and i n such 
circumstances a composite sample was taken. The selected 
c h a r a c t e r i s t i c s included not only those which would emphasise 
the n a t u r a l s o i l p r o p e r t i e s even a f t e r being under c u l t i v a t i o n 
f o r considerable periods of time e.g. t e x t u r e , carbonate contents, 
but also those p r o p e r t i e s l i k e l y t o be a f f e c t e d by only a year 
or two of cropping e.g. pK, n i t r o g e n l e v e l s . 
I t i s considered t h a t the use of numerical linkage 
techniques has considerable v a l i d i t y when considering s o i l s 
of a r i d areas f o r the major s o i l groups tend to be i l l - d e f i n e d . 
For example, B i d w e l l and Hole (1964) found t h a t , i n t h e i r study 
of Kansas s o i l s , there was a high degree of s i m i l a r i t y between 
some s o i l s e r i e s regarded as brunizems and others regarded as 
chernozems. In applying numerical linkage t o s o i l s of the 
Middle East, the author has r e s t r i c t e d h i s studies t o yermosols, 
regosols, f l u v i s o l s , xerosols and v e r t i s o i s , o m i t t i n g h a l o s o l s , 
as the l a t t e r tend t o have a low p r i o r i t y i n development studies 
and can be r e a d i l y d e f i n e d . I f halosols are c u l t i v a t e d , s p e c i a l 
techniques need to be employed f o r t h e i r successful management. 
The other s o i l s are the ones t h a t have the most s i g n i f i c a n c e i n 
a g r i c u l t u r a l development and man can, i n only a short period of 
time, a f f e c t s o i l p r o p e r t i e s t o such an extent t h a t s i m i l a r i t y 
w i t h the u n c u l t i v a t e d s o i l i s r a p i d l y reduced. This i s c l e a r l y 
shown i n f i g u r e 25 where the u n c u l t i v a t e d s o i l s e i t h e r form 
d i s c r e t e sub-groups or j o i n c l u s t e r s l a t e , as i n d i v i d u a l s . 
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Numerical linkage also suggests t h a t , w i t h i n a given geographic 
area, each type of c u l t i v a t i o n has i t s own d i s t i n c t set of 
e f f e c t s on s o i l p r o p e r t i e s . This r e s u l t s i n linkage according 
t o management p r a c t i s e r a t h e r than s o i l type as shown on both 
f i g u r e s 26 and 25 - on the l a t t e r f i g u r e t h e - s o i l s comprising 
sub-group I I i n c l ude notonly c u l t i v a t e d v e r t i s o l s but also B 
c u l t i v a t e d xerosols and f l u v i s o l s of medium texture„ 
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CHAPTER 3 
Conclusions 
8.1 I n t r o d u c t i o n 
Two approaches have been used i n t h i s t h e s i s : -
( i ) The e f f e c t s of d i f f e r e n t types of c u l t i v a t i o n on s o i l 
p r o p e r t i e s have been examined w i t h respect t o s p e c i f i c areas of 
the Middle East. These studies have been presented i n Chapters 
3-6 and no attempt was made t o c o n t r a s t any one area w i t h the 
oth e r s . Instead, the mechanisms responsible f o r the changes 
o c c u r r i n g w i t h i n the s o i l p r o f i l e were i s o l a t e d i n the context 
of the area being considered. 
( i i ) An attempt, using c l u s t e r a n a l y s i s , was made to assess 
the s i m i l a r i t y or d i s s i m i l a r i t y , of c u l t i v a t i o n e f f e c t s on 
d i f f e r e n t a r i d r egion s o i l s . This technique has h i t h e r t o been 
employed mainly i n the taxonomic c l a s s i f i c a t i o n of s o i l s and i t 
has been discussed i n Chapter 7. I t i s c l e a r , though, t h a t a 
p a r t i c u l a r form of management does have s p e c i f i c e f f e c t s on 
the s o i l s o f an a r i d area, i r r e s p e c t i v e of t h e i r c l a s s i f i c a t i o n 
type. However, i t would seem t h a t e f f e c t s vary from area t o 
area as, f o r example, the lack of ' c l u s t e r i n g ' of date garden 
s o i l s i n A l Ain and Ras-al-Khaimah. 
Both these approaches have considerable i m p l i c a t i o n s i n assessing 
land f o r a g r i c u l t u r a l development w i t h i n the a r i d zone. The 
i m p l i c a t i o n s of the former approach are of greatest importance 
v/hen p r o j e c t plans are being f i n a l i s e d , w h i l e the l a t t e r has 
relevance not only i n the reconnaissance and semi-detailed stages 
of land e v a l u a t i o n , but also i n the d e t a i l e d planning stage. 
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8.2 S o i l studies and land e v a l u a t i o n 
In land e v a l u a t i o n f o r a g r i c u l t u r a l development, assessment 
of the p h y s i c a l environment i s u s u a l l y c a r r i e d out at three main 
l e v e l s of i n t e n s i t y - reconnaissance, semi-detailed and d e t a i l e d 
( p r o j e c t ) . The f i r s t of these i s t o provide a basic 
inventory of the p h y s i c a l resources and the type of approach 
t h a t i s u s u a l l y favoured i s s i m i l a r t o the Land Systems f i r s t 
used by C h r i s t i a n and Stewart (1952). The land system -is an 
assemblage of land u n i t s which are geographically and g e n e t i c a l l y 
r e l a t e d and i n which there i s a r e c u r r i n g p a t t e r n of topography, 
s o i l s and v e g e t a t i o n . Such an approach i s e s s e n t i a l l y 
d e s c r i p t i v e and there i s l i t t l e attempt at e x p l a n a t i o n . I t 
i s e s s e n t i a l l y a data storage system and paves the way f o r 
more d e t a i l e d s t u d i e s . 
At the more d e t a i l e d l e v e l s of land e v a l u a t i o n , the r o l e 
of s o i l studies has not been a l t o g e t h e r c l e a r . I n the past, 
p r i o r t o the use of the U.S. Bureau of Reclamation Land 
C l a s s i f i c a t i o n scheme or the U.S. Department of A g r i c u l t u r e 
Land C a p a b i l i t y C l a s s i f i c a t i o n , there was perhaps an over-
emphasis on the approach' of Clarke (1957) who s t a t e d t h a t 'a good 
s o i l d e s c r i p t i o n on the ' s i t e and p r o f i l e ' p r i n c i p l e should be 
so complete t h a t no f u r t h e r i n f o r m a t i o n i s r e q u i r e d t o a r r i v e 
a t a t e c h n i c a l l y p e r f e c t system of r a t i o n a l u t i l i s a t i o n ' . 
I f t h i s approach i s t o be meaningful, the numbers of a t t r i b u t e s 
i n the s o i l and surrounding environment t h a t have t o be considered 
are extremely numerous. 
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Land ev a l u a t i o n i s a h o l i s t i c a p p r a i s a l of the environment, 
u s u a l l y w i t h a f i x e d purpose i n mind, and s o i l surveys form 
an i n t e g r a l p a r t of such f e a s i b i l i t y s t u d i e s . There has been 
considerable discussion i n the l i t e r a t u r e on what s o i l surveys 
are t r y i n g to achieve (e.g. Gibbons, 1961, aiulcahy and Humphries, 
1967), though Mulcahy and Humphries consider t h a t i n underdeveloped 
areas where there i s l i t t l e agronomic experience surveys based 
on general s o i l c l a s s i f i c a t i o n s w i l l be of more use than s p e c i a l 
purpose surveys. However, such c l a s s i f i c a t i o n s are u s u a l l y 
monothetic ( i . e . i n d i v i d u a l characters are e s s e n t i a l f o r membership 
of a group) and B u t l e r (1964) regards any close c o r r e l a t i o n 
between s o i l type and p l a n t production a matter of chance when 
using s u c h - c l a s s i f i c a t i o n s . Furthermore, the characters 
e s s e n t i a l f o r membership of a group are those t h a t are present 
i n the n a t u r a l s o i l p r o f i l e and may, or may n o t , occur i n 
c u l t i v a t e d s o i l s . 
In c o n t r a s t , the approach of numerical c l a s s i f i c a t i o n , as 
used i n t h i s t h e s i s , i s p o l y t h e t i c i n t h a t i t places together 
i n d i v i d u a l s having the greatest number of characters i n common 
and no s i n g l e character i s e i t h e r e s s e n t i a l or s u f f i c i e n t f o r 
membership of the group (Sokal and Sneath, 1963). If.one 
includes both c u l t i v a t e d and u n c u l t i v a t e d p r o f i l e s i n such an 
a n a l y s i s , linkages between the s o i l s can be established and the 
dichotomy, a l b e i t u n i n t e n t i o n a l , between c u l t i v a t e d and u n c u l t i v a t e d 
p r o f i l e s i s avoided. C u l t i v a t e d areas tend t o be avoided i n 
land e v a l u a t i o n studies as the l a t t e r concentrate on areas where 
there i s p o t e n t i a l f o r development. Nonetheless, the comment 
by Hartshorne (1959) regarding the d i v i s i o n of geography i n t o 
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human and non-human f a c t o r s as being 'extraneous i n purpose, 
p r e j u d i c i a l t o sound research and d i s r u p t i v e of the fundamental 
u n i t y of the f i e l d ' i s equally a p p l i c a b l e t o s o i l studies i n 
land e v a l u a t i o n . 
There w i l l doubtless be d i f f e r e n c e s between u n c u l t i v a t e d 
s o i l s and c u l t i v a t e d s o i l s as happens on f i g u r e 25, but t h i s can 
be used i n p r e d i c t i n g changes t h a t w i l l occur w i t h given types 
of management. For instance, c u l t i v a t i o n of p r o f i l e 60 (Group 
I I ) w i l l r e s u l t i n i t having greater s i m i l a r i t y w i t h the 
c u l t i v a t e d p r o f i l e s which comprise sub-group I I - . Furthermore, 
such c l u s t e r i n g may be of help i n determining the management 
of a p a r t i c u l a r group of s o i l s w i t h i n a p r o j e c t , i . e . should 
a s p e c i f i c area be given the same treatment as another area? 
The s o i l s of Dubti P l a n t a t i o n a l l receive e x a c t l y the same 
management when c o t t o n i s grown except t h a t some f i e l d s may 
receive 2 q u i n t a l s / h e c t a r e of urea whereas others receive only 
1. I t could be argued t h a t p r o f i l e s 27 and 37 on f i g u r e 25 
are s u f f i c i e n t l y d i s s i m i l a r t o the major sub-group 11^,, t o 
warrant a f u r t h e r look i n t o the management they r e c e i v e . 
However, care must be taken t o ensure t h a t the d i s s i m i l a r i t y i s 
of agronomic s i g n i f i c a n c e . Factor analysis may provide an 
i n d i c a t i o n of the p r i n c i p a l causes of d i s s i m i l a r i t y . 
In an approach of t h i s nature, care must be taken i n the 
choice of c h a r a c t e r i s t i c s so t h a t only those l i k e l y t o i n f l u e n c e , 
or be influenced by, management are chosen. The use of computers 
allows the r a p i d processing of data and wh i l e land e v a l u a t i o n 
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at semi-detailed or p r o j e c t l e v e l i s proceeding, linkages 
can be established and questions posed which w i l l give guidance 
to the d i r e c t i o n of f u r t h e r i n v e s t i g a t i o n s . 
8 . 2 ( i ) Conclusions r e l a t i n g t o the use of c l u s t e r analysis 
The p o s s i b l e use of c l u s t e r analysis i n land e v a l u a t i o n 
studies has been o u t l i n e d ; and the work c a r r i e d out on a r i d 
zone s o i l s of the Middle East f o r t h i s t h e s i s would suggest the 
f o l l o w i n g : -
( i ) Using the m s "£ hi G G s describee, c l u s t e r a n a l y s i s does 
separate c u l t i v a t e d and u n c u l t i v a t e d s o i l s i n t o discrete.groups 
and i s s o p h i s t i c a t e d enough t o show meaningful linkages between 
the sub-groups. Furthermore s i t has been shown (Chapter 7) 
t h a t there are v a l i d reasons f o r the linkages of i n d i v i d u a l 
u n c u l t i v a t e d s o i l p r o f i l e s . For t h i s technique t o be generally 
a p p l i c a b l e i n development s t u d i e s , a d d i t i o n a l research i s r e q u i r e d 
i n t o the choice of c h a r a c t e r i s t i c s involved i n the c a l c u l a t i o n 
of s i m i l a r i t y indices and also possible a l t e r n a t i v e methods of 
c l u s t e r a n a l y s i s . 
( i i ) With poorly defined major s o i l groups, and where 
n a t u r a l pedogenesis i s slow, the i n f l u e n c e of man i s out of a l l 
p r o p o r t i o n t o the time he has a f f e c t e d the s o i l s . As a consequence, 
the use of numerical taxonomy at p r o j e c t l e v e l r e s u l t s i n linkages 
t h a t r e f l e c t management p r a c t i s e s r a t h e r than major s o i l groups, 
though the s i g n i f i c a n c e of the linkages, w i l l vary from one 
s i t u a t i o n t o another. 
( i i i ) The s o i l p r o f i l e s subjected t o t h i s form of analysis c l e a r 
c l u s t e r according t o t h e i r geographical l o c a t i o n s ( f i g u r e 25). 
The i m p l i c a t i o n of t h i s i s t h a t the i n t r o d u c t i o n of C a l i f o r n i a -
s t y l e a g r i c u l t u r e i n t o the Middle East s i t u a t i o n w i l l cause 
d i f f e r e n t e f f e c t s on the s o i l t o those i n C a l i f o r n i a . This 
h i g h l i g h t s the comment, made i n the Preface, t h a t constant 
monitoring of s o i l s of a g r i c u l t u r a l development schemes i s 
e s s e n t i a l . 
( i v ) Even w i t h i n geographical areas ..there are anomalous 
r e s u l t s i n the lin k a g e s . The s i g n i f i c a n c e of these anomalies 
have t o be i n v e s t i g a t e d but i t i s c l e a r t h a t from Chapters 
3-6 some of the e f f e c t s of c u l t i v a t i o n are s p e c i f i c t o a 
p a r t i c u l a r area and r e s u l t from . l o c a l environmental f e a t u r e s , 
both p h y s i c a l and human. 
8.3 The e f f e c t s of c u l t i v a t i o n on the p r o p e r t i e s of a r i d zone 
s o i l s i n the Middle East 
I f land e v a l u a t i o n f o r a g r i c u l t u r e i s t o be successful, 
p r e d i c t i o n has t o be accurate and t h i s involves a thorough 
understanding of the processes operating w i t h i n the s o i l . 
The s o i l s , and the environment i n which they occur, are 
extremely v a r i a b l e and complex r e l a t i o n s h i p s r e s u l t . Processes 
t h a t are ope r a t i v e i n one area may not be operative t o the same 
extent i n another, not only as a r e s u l t of v a r i a t i o n s i n the 
ph y s i c a l environment but also due t o man's use of the s o i l 
as a resource. 
The establishment of i r r i g a t e d a g r i c u l t u r e i n areas where 
the s o i l i s n a t u r a l l y dry f o r most of the year leads t o profound 
changes i n the types o f pedogenic processes t h a t take place i n s o i l s 
of the a f f e c t e d areas. With i r r i g a t e d a g r i c u l t u r e , a v a r i e t y of 
processes operate depending on the moisture c o n d i t i o n s of the s o i l . 
Instead of being dry, the s u b s o i l now remains moist f o r the 
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major p a r t of the year w h i l e the surface horizons are subjected 
t o a h i g h l y v a r i a b l e moisture regime. There i s surplus 
moisture when the s o i l i s i r r i g a t e d , but immediately p r i o r t o 
i r r i g a t i o n drought c o n d i t i o n s p r e v a i l . Furthermore, the 
t e x t u r e of the s o i l has important i m p l i c a t i o n s on water movement. 
Many of the s o i l s of the a r i d areas of the Middle East are 
coarse t e x t u r e d w i t h . o n l y the minimum development of s t r u c t u r e , 
and w i t h such c o n d i t i o n s intense leaching p r e v a i l s when i r r i g a t i o n 
waters are a p p l i e d . I n c o n t r a s t , there may be r a p i d i n i t i a l 
downward movement of moisture w i t h i r r i g a t i o n of v e r t i s o l s b u t , 
as soon as the cracks close, t h i s becomes extremely slow due 
t o the preponderance of f i n e pores t h a t occur i n such s o i l s . 
The f i r s t stage i n e l u c i d a t i n g processes i s t o measure 
change, and t h i s t h e s i s has been concerned w i t h determining the 
changes caused to s o i l s due to the d i f f e r e n t c u l t i v a t i o n p r a c t i s e s . 
The effects of c u l t i v a t i o n on a r i d zone s o i l s f a l l i n t o two 
categories - those which are general and i r r e s p e c t i v e of type of 
c u l t i v a t i o n and those which are s p e c i f i c e i t h e r t o an area or t o 
a type of c u l t i v a t i o n . 
8 . 3 ( i ) General conclusions 
( i ) A l l the c u l t i v a t i o n techniques discussed i n t h i s 
t h e s i s r e s u l t i n an increase i n the l e v e l of organic matter i n 
the s o i l . However, p r i o r t o the f i r s t crop, there may be a decrease 
due t o disturbance of the surface horizon by t i l l a g e and the 
high temperatures causing the 'burning up' of r e s i d u a l organic matter 
Subsequent c u l t i v a t i o n allows the organic matter content t o increase 
t o l e v e l s considerably i n excess of those found i n u n c u l t i v a t e d s o i l s 
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The only exceptions t o t h i s are the former hydromorphic s o i l s 
i n the lower Awash v a l l e y , E t h i o p i a , t h a t contained e x c e p t i o n a l l y 
high l e v e l s o f organic matter p r i o r t o reclamation. 
( i i ) Consequent upon the increase i n organic matter contents 
are the e f f e c t s on s o i l f e r t i l i t y . These include a lowering 
of the pH (though t h i s i s o f t e n masked as i n the cases of 
the s o i l s of A l A i n and Ras-al-Khaimah due t o the v a r i a b i l i t y 
of the s o i l parent m a t e r i a l ) , an improvement i n the s t r u c t u r a l 
s t a b i l i t y of the s o i l s and greater a v a i l a b i l i t y of n u t r i e n t s . 
The e f f e c t s of i n d i v i d u a l cropping p r a c t i c e s vary i n t h e i r 
i n t e n s i t y - f o r instance, fodder crops (Chapter 4) are more 
e f f e c t i v e i n s t r u c t u r a l aggregation than the woodland at A l 
Hasa (Chapter 6 ) . 
( i i i ) I n each of the case s t u d i e s , the prevalence of over-
i r r i g a t i o n r e s u l t s i n a washing of s o l u b l e s a l t s out of the 
t o p s o i l . Chlorides tend t o be l o s t e a r l i e r than sulphates. 
In some l o c a l i t i e s , secondary s a l i n i s a t i o n has occurred or 
i s o c c u r r i n g e.g. Ras-al-Khaimah (Chapter 3 ) , p a r t s of Dubti 
p l a n t a t i o n , E t h i o p i a (Chapter 5 ) . 
( i v ) Where the s o i l s are coarse-textured, there i s evidence 
of r e d i s t r i b u t i o n of f i n e m a t e r i a l w i t h i n the s o i l p i ' o f i l e . 
Evidence of t h i s i s provided by p r o f i l e s from the long-established 
date gardens at Ras-al-Khaimah (Chapter 3) as w e l l as from the 
Tamarix woodland at A l Hasa (Chapter 6 ) . Some f i n e m a t e r i a l i s 
added t o the s o i l through suspension i n the i r r i g a t i o n water, t h i s 
being most n o t i c e a b l e i n the case of the Tendaho P l a n t a t i o n s . 
8 . 3 ( i i ) Conclusions s p e c i f i c t o i n d i v i d u a l areas 
( i ) Ras-al-Khaimah. There i s evidence f o r d e c a l c i f i c a t i o n 
i n s o i l s under the long—established date gardens but i f i t occurs 
i n s i m i l a r s i t u a t i o n s at A l A i n evidence i s obscured. Elsewhere, 
c u l t i v a t i o n has not been es t a b l i s h e d f o r a long enough period of 
time f o r t h i s process t o become evident or else carbonate contents 
i n the s o i l are s u f f i c i e n t l y low t o make conclusions d i f f i c u l t . 
( i i ) A l A i n . Studies on s o i l s from t h i s group of oases 
suggest t h a t c u l t i v a t i o n can, over a long period of time, have 
an e f f e c t on weathering w i t h i n the solum. The extreme d i f f e r e n c e s 
i n f r e e i r o n oxides, i n s i l i c a - s e s q u i o x i d e r a t i o s and i n type of 
clay minerals occur between an u n c u l t i v a t e d xerosol p r o f i l e and 
p r o f i l e s from the long-established date gardens. Other p r o f i l e s , 
under d i f f e r e n t types of c u l t i v a t i o n for.much s h o r t e r periods 
of time than the date gardens, e.g. vegetable c u l t i v a t i o n , l i e 
between these two extremes. 
( i i i ) Tendaho Plantations, E t h i o p i a . The f i r s t season of 
c o t t o n cropping appears t o cause profound changes i n the pH and 
c o n d u c t i v i t y values of the s o i l s o c c u r r i n g i n the p l a n t a t i o n s . 
There i s r a p i d decomposition of r e s i d u a l organic matter p r i o r 
to cropping and t h i s r e s u l t s i n the production of organic acids. 
The l a t t e r are enhanced at the end of the f i r s t season of cropping 
when the c o t t o n t r a s h i s ploughed i n . As the q u a n t i t y of organic 
matter added to the s o i l each year i s r e l a t i v e l y constant, the 
s o i l pH q u i c k l y reduces and reaches a s t a b i l i t y value of 7.5-7.8. 
Only the reclaimed hydromorphic s o i l s are an exception t o t h i s , 
i n c r e a s i n g t h e i r pH values, but they had higher organic matter 
contents p r i o r t o c u l t i v a t i o n . 
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The f i r s t heavy i r r i g a t i o n , p r i o r t o the i n i t i a l 
p l a n t i n g of c o t t o n , i s of fundamental importance i n c o n t r o l of 
s o l u b l e s a l t s . On the medium and heavy te x t u r e d s o i l s , the deep 
shrinkage cracks act as channels down which soluble s a l t s can be 
washed, but a f t e r a season of cropping these cracks may only 
extend t o 40 or 50 cms, as beneath t h i s depth the s o i l remains 
moist. I n the dry, u n c u l t i v a t e d v e r t i s o l s the cracks may 
extend t o 1 metre or even 1.50 metres. 
T i l l a g e of the s o i l s has n o t , i n i t s e l f , been a major 
cause i n the formation of surface c r u s t s . While these remain 
weak and do not a f f e c t p l a n t growth, there i s a c o r r e l a t i o n 
between thickness of the c r u s t and the amount of s i l t and clay 
i n the s o i l . There i s a linkage noted i n u n c u l t i v a t e d s o i l s , 
between c r u s t formation and f l o o d i n g by the River Awash. The 
c r u s t s tend to be t h i c k e r on the p l a n t a t i o n s and i t i s concluded 
t h a t i r r i g a t i o n , using Awash r i v e r water h e a v i l y charged w i t h 
sediment, i s a prime cause i n c r u s t formation. 
( i v ) A l Hasa oasis. The presence of a surface organic 
lay e r under the older Tamarix woodland (8 years o l d ) i s a f e a t u r e 
unique i n a r i d zone s o i l s i n the Middle East and accordingly 
g r e a t e s t emphasis was placed on a study of the.organic horizons. 
D i s t i n c t L and F horizons had formed under the older stands of 
woodland. The e a r l y stages of organic matter decomposition, i n the 
presence of i r r i g a t i o n water, are characterised by an ac i d r e a c t i o n 
(pH values of 5.7 were obtained i n l a b o r a t o r y experiments) as the 
hemi-celluloses decompose. Analysis of the humus f r a c t i o n showed 
t h a t there were high l e v e l s of humin present, due t o the d e s s i c a t i o n 
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t o which the organic matter i s p e r i o d i c a l l y subjected, while 
f u l v i c a c i d predominated over humic a c i d . This r e s u l t e d i n 
a high p r o p o r t i o n of a c t i v e acids being present i n the s o i l 
l eading t o m o b i l i s a t i o n of i r o n and a progressive d e c a l c i f i c a t i o n 
of the s o i l . - The r o l e of decomposition of organic m a t e r i a l 
and i t s e f f e c t on p r o p e r t i e s of a r i d zone s o i l s has been l i t t l e 
s t u d i e d and t h i s would appear to be a f i e l d i n which f u r t h e r 
work i s r e q u i r e d - of p a r t i c u l a r i n t e r e s t would be comparative 
studies of decomposition of organic residues from d i f f e r e n t 
crops and t h e i r e f f e c t s on the n u t r i e n t s t a t u s of the s o i l . 
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APPENDIX 1 
DESCRIPTIONS AND ANALYTICAL DATA FOR PROFILES 
QUOTED IN TEXT 
n.d. - no da t a 
- amounts u n d e t e c t a b l e by a n a l y t i c a l methods 
LOCATION RAS-AL-KHAIMAH ( S h i m a l ) T I T L E 1. 
TOPOGRAPHY G r a v e l f a n s w i t h i r r e g u l a r s u r f a c e due t o s m a l l wadis, 
Wadies d r y a t t h e t i m e o f s a m p l i n g . Slope 3°W. 
V E G E T A T I O N S c a t t e r e d A c a c i a spp - 5% co v e r 
C U L T I V A T I O N 
SOIL GROUP Yermosol 
S U R F A C E F r e q u e n t l a r g e c o b b l e s and g r a v e l 
P R O F I L E DESCRIPTION 
0-20 cms 10YR4/4-5/4 (Dark y e l l o w i s h b r o w n ) ; sandy loam g r a v e l ; 
g e n e r a l l y s i n g l e g r a i n s t r u c t u r e w i t h r a r e s m a l l weak 
a n g u l a r b l o c k s ; r a r e f i n e r o o t s ; c l e a r change 
20-90 cms+ 10YR3/2 ( v e r y d a r k g r e y i s h b r o w n ) ; g r a v e l l y loamy sand 
s i n g l e g r a i n s t r u c t u r e ; v e r y r a r e f i n e r o o t s 
40-45 cms s t r o n g c e m e n t a t i o n ( c a l c a r e o u s ) w i t h w e l l -
d e v e l o p e d l a r g e r u s t y m o t t l e s . 
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No samples were o b t a i n e d f r o m t h i s p i t 
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LOCATION RAS-AL-KHAIMAH ( S h i m a l ) T I T L E 2. 
TOPOGRAPHY G r a v e l f a n . S lope 3 1 , 
V E G E T A T I O N S c a t t e r e d A c a c i a spp. - 5% co v e r 
C U L T I V A T I O N S u r f a c e c l e a r e d f o r c u l t i v a t i o n and p l o t s demarcated by 
banks o f s t o n e . No evidence o f any c u l t i v a t i o n a t t i m e 
o f s a m p l i n g . 
S O I L GROUP X e r o s o l 
S U R F A C E Even s u r f a c e w i t h l a r g e c o b b l e s c l e a r e d 
P R O F I L E DESCRIPTION 
0-35 cms 10YR5/6 ( y e l l o w i s h brown) w i t h p a t c h e s o f 10YR4/2 ( d a r k 
g r e y i s h brown; sandy loam g r a v e l ; s i n g l e g r a i n s t r u c t u r e 
w i t h some s m a l l a n g u l a r b l o c k s ; f r i a b l e b r e a k i n g t o 
s i n g l e g r a i n s ; f r e q u e n t f i n e r o o t s ; c l e a r change. 
35-70 cms 10YR4/1 ( d a r k g r e y ) - 10YR3/1 ( v e r y dark g r e y ) ; sandy 
g r a v e l ; s i n g l e g r a i n s t r u c t u r e ; f r e q u e n t f i n e r o o t s ; 
r a r e s m a l l d u l l d i f f u s e ochreous m o t t l e s ; r a r e s m a l l 
s o f t c a r b o n a t e a c c u m u l a t i o n s ; c l e a r change. 
70 cms+ 10YR3/1 ( v e r y d a r k g r e y ) ; g r a v e l l y loamy sand; s i n g l e 
g r a i n s t r u c t u r e ; f r e q u e n t f i n e r o o t s ; r a r e s m a l l s o f t 
c a r b o n a t e a c c u m u l a t i o n s 
NOTE: The h i g h o r g a n i c m a t t e r c o n t e n t i n t h e t o p s o i l r e f l e c t s t h e c l o s e 
p r o x i m i t y o f t h e p r o f i l e p i t t o an A c a c i a bush 
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L A B O R A T O R Y A N A L Y S E S 
Prof i le ..2 Locat ion ...R.a.s-al-Khaimah ( S h i m a l ) 
Somple Depth 
Cm. 
Totol 
Carbonate 
% 
Intern 
S a n d % 
nional 
S i l t % 
U.S. 
S a n d % 
O A . 
S i l t % 
Clay 
% 
Satura t ion 
% 
pH 
10-16 
39-45 
84-90 
73.0 
76.0 
77.5 
82.2 
97.2 
93.2 
10.0 
1.0 
5.0 
74.2 
95.4 
92.2 
18.0 
2.8 
6.0 
7.8 
1.8 
1.8 
8.80 
8.60 
8.80 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m. e / l i t r e 
Co Mg Na K T o t a l E .S .R S .A.R. mmhos/cm C0 3 HC0 3 C L S0 4 
9.2 2.6 1.6 0.6 14.0 11.4 0.17 
3.3 2.4 0.8 0.3 6.8 11.8 0.17 
6.1 2.2 1.0 0.6 9.9 9.9 0.19 
Organic 
Total 0/ la 
Matter 
Organic 
C % 
Totol 
Nitrogen 
% 
C=N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
0.93 
n.d 
0.18 
0.54 
n.d. 
0.14 
0.04 13.5 2.3 
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L O C A T I O N RAS-AL-KHAIMAH T I T L E 3. 
TOPOGRAPHY Edge o f g r a v e l outwash f a n . 
i r r i g a t i o n b a s i n 
P i t l o c a t e d i n 
V E G E T A T I O N 
C U L T I V A T I O N 30 y e a r o l d d a t e palms w i t h t h i c k g r a s s c o v e r 
g r a z e d by c a t t l e 
SOIL GROUP Yermosol ( c u l t i v a t e d v a r i a n t ) / X e r o s o l 
S U R F A C E S l i g h t c r u s t due t o i r r i g a t i o n 
P R O F I L E DESCRIPTION 
0-30 cms 
30-35 cms 
55cms+ 
10YR4/3 ( d a r k brown) - 10YR4/2 ( d a r k g r e y i s h b r o w n ) ; 
s i l t y f i n e sandy loam; moderate medium a n g u l a r b l o c k s ; 
f i r m , b r e a k i n g t o s m a l l a n g u l a r b l o c k s and crumbs; 
m o i s t ; abundant r o o t s ; o c c a s i o n a l worms; o c c a s i o n a l 
sub-rounded s t o n e s ; o c c a s i o n a l g r e y p a t c h e s o f o r g a n i c 
m a t t e r ; m e r g i n g . 
10YR4/3 ( d a r k b r o w n ) ; g r a v e l l y s i l t y loam; moderate 
medium s u b a n g u l a r b l o c k s ; f r i a b l e b r e a k i n g t o crumbs; 
m o i s t ; abundant r o o t s ; f r e q u e n t sub-rounded c o b b l e s 
w i t h r a r e c a r b o n a t e ' g a r l a n d s ' on u n d e r s i d e s o f such 
c o b b l e s below 50 cms; c l e a r change. 
10YR4/3 ( d a r k b r o w n ) ; g r a v e l w i t h some s i l t y loam; 
s i n g l e g r a i n w i t h o c c a s i o n a l s u b - a n g u l a r b l o c k s ; m o i s t 
f r e q u e n t r o o t s ; abundant c o b b l e s , some w i t h ' g a r l a n d s ' 
o f c a r b o n a t e s on u n d e r s i d e s . 
- 2 1 1 -
L A B O R A T O R Y A N A L Y S E S 
Profi le . . .3 Locat ion .R.a.s.T.a.^Paimah <Shimal) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
Interne 
S o n d % 
jtionol 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
1 5 - 2 1 
3 9 - 4 5 
7 0 - 7 5 
5 8 . 0 
5 7 . 0 
6 1 . 5 
6 0 . 4 
5 2 . 8 
6 8 . 2 
2 2 . 4 
2 4 . 4 
9 . 0 
4 3 . 8 
4 0 . 8 
6 3 . 2 
3 9 . 0 
3 6 . 4 
1 4 . 0 
1 7 . 2 
2 2 . 8 
2 2 . 8 
8 . 6 0 
8 . 5 5 
8 . 6 0 
Cation exchange capacity m.a/IOOg Conductivity Soluble Anions m.e/litrc 
Ca Mg Na K Total E.S.R S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
1 7 . 5 3 . 4 4 . 4 0 . 5 2 5 . 8 1 7 . 1 1 . 1 3 
1 4 . 6 3 . 2 2 . 4 0 . 5 2 0 . 7 1 1 . 6 1 . 2 9 
1 3 . 7 3 . 6 2 . 7 0 . 3 2 0 . 3 1 3 . 3 0 . 8 1 
Organic 
Total 
% 
Matter 
Organic 
c % 
Total 
Nitrogen 
% 
C=N 
Phosphates 
Totol 
mgslOOgm 
Available 
Potash m 
Totol . 
gs/IOOgm 
Available 
Boron 
(ppm) 
2 . 0 2 
n.d. 
0 . 3 8 
1 . 1 7 
n.d. 
0 . 2 2 
0 . 0 6 1 9 . 5 0 . 8 
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L O C A T I O N RAS-AL-KHAIMAH ( F a h l a i n ) T I T L E 4. 
TOPOGRAPHY G e n t l e s l o p e - 1°N 
V E G E T A T I O N 
C U L T I V A T I O N Date garden - d a t e s about 35 y e a r s o l d . Grasses 
graz e d by c a t t l e . 
SOIL GROUP C u l t i v a t e d X e r o s o l 
S U R F A C E I r r i g a t e d w i t h t h i n c r u s t 
P R O F I L E DESCRIPTION 
0-40 cms. 10YR4/3 ( b r o w n ) ; s i l t y sandy loam; weak medium columnar 
and a n g u l a r b l o c k y s t r u c t u r e ; f r i a b l e ; b r e a k i n g t o s m a l l 
a n g u l a r b l o c k s ; m o i s t ; o c c a s i o n a l g r a v e l s ; abundant r o o t s 
o c c a s i o n a l c h a n n e l s o f g r e y o r g a n i c m a t t e r ; o c c a s i o n a l 
worms; c l e a r change. 
40 cms+ 10YR4/3 ( b r o w n ) ; l a m i n a t e d loamy sands, sands and sandy 
g r a v e l ; g r a v e l s become more dominant w i t h d e p t h ; s i n g l e 
g r a i n s t r u c t u r e ; m o i s t ; abundant r o o t s ; o c c a s i o n a l 
c h a n n e l s o f g r e y o r g a n i c m a t t e r t o 1 m e t r e . 
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Profi le ....4 Locat ion R a. s~?.1.7. K n a i m a n ( F a h l a i n ) 
Sample Depth 
Cm. 
Tota l 
Corbonote 
% 
Intern* 
S a n d % 
itional 
S i l t % 
U .S . 
S a n d % 
D A . 
S i l t % 
Clay 
% 
Sa tu ra t ion 
% 
PH 
15-22 
43-50 
98-105 
54.0 
57.5 
60.0 
62.6 
74.2 
82.6 
18.2 
11.0 
7.6 
44.6 
42.2 
70.2 
36.2 
33.0 
20.0 
19.2 
14.8 
9.8 
8.60 
8.60 
8.65 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
Co Mg No K T o t a l E . S . R S .A .R . m mhos/cm C0 3 HC0 3 C L S O 4 
16.2 1.5 2.4 0.7 20.8 11.5 0.85 
17.3 1.7 2.2 0.4 21.6 10.2 0.38 
4.7 1.6 1.6 0.5 7.8 20.5 0.38 
Organic 
Tota l 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C = N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Tota l 
gs/IOOgm 
Availoble 
Boron 
(ppm) 
1.27 
n.d. 
0.21 
0.74 
n.d. 
0.12 
0.04 18.5 
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L O C A T I O N RAS-AL-KHAIMAH (Hassan b i n T I T L E 5 . 
Rachman's h o l d i n g ) 
TOPOGRAPHY Extreme edge o f outwash f a n s . Slope 1 W. 
V E G E T A T I O N N i l 
C U L T I V A T I O N S m a l l h o l d i n g . P r e p a r e d f o r c u l t i v a t i o n t h r o u g h p l o t 
n o t p r e v i o u s l y c r o p p e d . 
SOIL GROUP X e r o s o l ( c u l t i v a t e d v a r i a n t ) 
S U R F A C E T h i n c r u s t 
P R O F I L E DESCRIPTION 
10YR4/4 ( d a r k y e l l o w i s h b r o w n ) ; f i n e sandy loam; weak 
s m a l l a n g u l a r b l o c k s w i t h d e p o s i t i o n a l l a m i n a t i o n s towards 
base o f h o r i z o n ; f r i a b l e , b r e a k i n g t o s i n g l e g r a i n s ; 
f r e q u e n t f i n e r o o t l e t s ; f r e q u e n t f i n e g r a v e l l e n s e s ; 
c l e a r change. 
10YR4/4 ( d a r k y e l l o w i s h b r o w n ) ; s i l t y f i n e sandy loam; 
moderate medium a n g u l a r b l o c k s and columns; f r i a b l e , 
b r e a k i n g t o s m a l l a n g u l a r b l o c k s and s i n g l e g r a i n s ; 
becomes compact w i t h d e p t h ; r a r e f i n e r o o t s ; o c c a s i o n a l 
s m a l l g r a v e l l e n s e s ; r a r e s m a l l s o f t c a r b o n a t e a c c u m u l a t i o n s 
sharp change. 
Laminated sands and g r a v e l s o f v a r i a b l e l i t h o l o g y . 
NOTE: Or g a n i c m a t t e r i n t o p s o i l r a t h e r lower t h a n i n u n c u l t i v a t e d s o i l 
due t o ' b u r n i n g ' up as a r e s u l t o f t o p s o i l d i s t u r b a n c e . 
0-31 cms 
31-90 cms. 
90 cms+ 
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Prof i le ...5. Locat ion R a s - a l"" K n a : i- m a h (Hassan b i n Rachman) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
Interni 
S a n d % 
Jtional 
S i l t % 
U.S . 
S o n d % 
D A . 
S i l t % 
Clay 
% 
Sa tu ra t ion 
% 
PH 
7 - 1 4 
3 7 - 4 4 
8 0 - 8 7 
4 8 . 0 
4 8 . 0 
5 0 . 5 
3 4 . 3 
1 3 . 9 
2 5 . 3 
5 1 . 4 
6 5 . 8 
5 1 . 1 
1 1 . 9 
1 3 . 2 
8 . 3 
7 3 . 8 
6 6 . 5 
7 8 . 1 
1 4 . 3 
2 0 . 3 
1 3 . 6 
8 . 5 0 
8 . 2 5 
8 . 4 0 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a Mg No K T o l o l E . S . R S .A .R . mmhos/cm c o 3 H C 0 3 C L S 0 4 
1 7 . 4 3 . 2 3 . 6 0 . 8 2 5 . 0 1 4 . 4 0 . 1 4 
1 3 . 6 8 . 4 5 . 6 2 . 8 3 0 . 4 1 8 . 4 0 . 1 5 
1 4 . 4 2 . 4 2 . 4 2 . 8 2 2 . 0 . 1 0 . 9 0 . 1 4 
Organic 
Total 
% 
Mat ter 
Organic 
C % 
Tota l 
Nitrogen 
% 
C = N 
Phosphates 
Total 
mgslOOgm 
Available 
P o t a s h m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
0 . 8 8 0 . 5 1 0 . 0 4 1 2 . 8 1 . 4 
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L O C A T I O N RAS-AL-KHAIMAH (Digdaga T I T L E 6. 
A g r i c u l t u r a l T r i a l s S t a t i o n ) 
T O P O G R A P H Y Land prepared f o r i r r i g a t i o n - b a s i n 
V E G E T A T I O N B A R E 
C U L T I V A T I O N P r e v i o u s l y u n c u l t i v a t e d 
S O I L G R O U P X e r o s o l 
S U R F A C E Loose 
P R O F I L E D E S C R I P T I O N 
0-88 cms. 10YR4/3 (brown-dark brown); sandy loam; moderate medium 
subangular blocks w i t h o c c a s i o n a l p l a t i n e s s i n top 
8 cms; very f r i a b l e ; b r e a k i n g to s i n g l e g r a i n s ; r a r e 
subrounded g r a v e l ; frequent f i n e r o o t s ; s l i g h t l y 
compacted below 50 cms w i t h frequent p i n h o l e s ; merging. 
88 cms+ 10YR4/3 (brown) w i t h 7.SYR t i n g e , loamy f i n e sand; 
compact and laminated w i t h o c c a s i o n a l g r a v e l ; o c c a s i o n a l 
s o f t carbonate accumulations; frequent red sand g r a i n s . 
NOTE: Low or g a n i c matter i n t o p s o i l r e s u l t of p r e p a r a t i o n f o r c u l t i v a t i o n . 
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Prof i le ...6.: Locat ion . . R a : ? ~ . a l . 7 K h a i m a h < D i g d a s a ) 
Sample Depth 
Cm. 
1 0 - 1 6 
3 9 - 4 5 
7 0 - 8 4 
1 0 5 - 1 1 1 
1 2 0 - 1 2 6 
Tota l 
Carbonate 
% 
4 6 . 5 
5 1 . 0 
5 1 . 5 
5 1 . 5 
5 1 . 0 
International 
6 3 . 1 
5 0 . 4 
6 9 . 2 
6 3 . 5 
4 9 . 2 
2 1 . 6 
1 9 . 9 
1 4 . 0 
2 0 . 9 
3 6 . 6 
U . S . O A . 
S a n d % | S i l t 
3 7 . 2 
2 0 . 7 
2 1 . 2 
2 8 . 6 
3 3 . 8 
4 7 . 5 
5 9 . 6 
6 2 . 0 
5 6 . 8 
5 2 . 0 
Clay 
1 5 . 3 
1 9 . 7 
1 6 . 8 
1 5 . 6 
1 4 . 2 
Sa tura t ion 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
Co Mg Na K T o t a l E . S . R S .A .R . mmhos/cm c o 3 H C 0 3 C L S 0 4 
8 . 4 4 . 1 0 . 7 0 . 5 1 3 . 7 5 . 1 0 . 2 1 
1 0 . 8 3 . 1 0 . 7 0 . 4 1 5 . 0 4 . 7 0 . 2 9 
1 1 . 7 4 . 0 0 . 8 0 . 3 1 6 . 8 4 . 8 0 . 2 1 
1 5 . 1 4 . 3 1 . 1 0 . 2 2 1 . 7 5 . 3 0 . 2 0 
1 2 . 4 4 . 7 1 . 8 0 . 3 1 9 . 2 9 . 4 0 . 2 1 
Organic 
Tota l 
% 
Matter 
Organic 
C % 
Totol 
Nitrogen 
% 
C = N 
Phosphates 
Total 
mgslOOgm 
Available 
P o t a s h m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
0 . 2 8 0 . 1 6 0 . 0 2 8 0 . 4 
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L O C A T I O N RAS-AL-KHAIMAH (Digdaga T I T L E 7. 
A g r i c u l t u r a l T r i a l s S t a t i o n ) 
T O P O G R A P H Y P i t l o c a t e d i n i r r i g a t i o n b a s i n 
V E G E T A T I O N 
C U L T I V A T I O N P l o t growing tomatoes, squash, cucumbers. Had been 
c u l t i v a t e d f o r 9 ye a r s a t time of sampling (1967) 
S O I L G R O U P X e r o s o l ( c u l t i v a t e d v a r i a n t ) 
S U R F A C E S l i g h t c r u s t i n g due to i r r i g a t i o n 
P R O F I L E D E S C R I P T I O N 
0-42 cms 10YR4/3 (brown); f i n e sandy loam; weak l a r g e angular 
b l o c k s and r a r e columns; f r i a b l e , b reaking to s i n g l e g r a i n 
s l i g h t l y moist; o c c a s i o n a l r o o t s and f i n e r o o t l e t s ; r a r e 
g r a v e l ; merging. 
42-105 cms 10YR4/3-5/3 (brown); loamy f i n e sand; weak l a r g e columns 
somewhat compacted and l o c a l l y e x h i b i t i n g l a m i n a t i o n s ; 
f r i a b l e , b reaking to s i n g l e g r a i n s ; moist; o c c a s i o n a l sub-; 
rounded stones; r a r e f i n e r o o t s ; o c c a s i o n a l patches of gre 
s t a i n i n g ; merging. 
105 cms+ 10YR4/3 (brown); loamy f i n e sand - f i n e sandy loam; 
g e n e r a l l y s i n g l e g r a i n s t r u c t u r e , though s l i g h t l y compacte 
s l i g h t l y moist; r a r e f i n e r o o t s ; r a r e subrounded sto n e s , 
some w i t h 'garlands' of carbonate accumulation. 
NOTE: I r r i g a t i o n water had a c o n d u c t i v i t y of 3.4 mmhos/cm a t 25 C. 
C u l t i v a t e d h o r i z o n appeared to extend to 26 cms - t h i s was the 
upper l i m i t of the columnar s t r u c t u r e . 
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Prof i le ...7. Locat ion Ras-al-Khaimah (Digdaga) 
Somple Depth 
Cm. 
15-21 
45-51 
75-81 
94-100 
134-14Q 
Tota l 
Carbonate 
% 
45.5 
46.5 
46.5 
46.0 
46.0 
International 
S a n d % 
50.4 
38.2 
56.5 
63.6 
64.7 
Si l t % 
33.6 
44.8 
27.9 
21.2 
17.8 
U . S . D A . 
S a n d % S i l t % 
27.0 
23.4 
25.9 
33.8 
31.6 
57.0 
59.6 
58.5 
51.0 
50.9 
Clay 
16.0 
17.0 
15.6 
15.2 
17.5 
Satura t ion pH 
8.80 
8.75 
8.65 
8.80 
8.60 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a Mg No K T o t a l E.S.P. S .A.R. m mhos/cm C 0 3 H C 0 3 C L S 0 4 
9.9 3.6 2.3 0.3 16.1 14.3 1.16 
12.2 2.4 3.0 0.4 18.0 16.7 2.40 
11.4 1.8 5.4 0.4 19.0 28.4 2.11 
11.0 2.2 2.4 0.4 16.0 15.0 1.50 
12.4 2.2 1.4 0.4 16.4 8.5 1.53 
Organic 
Tota l 
% 
Matter 
Organic 
C % 
Tota l 
Nitrogen 
% 
C ' N 
Phosphates 
Total 
mgslOOgm 
Available 
P o t a s h m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
1.15 0.66 0.04 16.5 0.5 
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L O C A T I O N RAS-AL-KIIAIMAH (Ahmed Bassan) T I T L E & > 
T O P O G R A P H Y Gentle sl o p e to NW (2 ) . P i t l o c a t e d j u s t o f f 
eroded remnant of a n c i e n t g r a v e l f a n . 
V E G E T A T I O N F a l l o w p l o t 
C U L T I V A T I O N Prepared f o r melons. C u l t i v a t e d f o r 3 y e a r s 
p r e v i o u s l y 
S O I L G R O U P X e r o s o l ( c u l t i v a t e d v a r i a n t ) 
S U R F A C E S l i g h t c r u s t i n g and c l o d s 
P R O F I L E D E S C R I P T I O N 
0-35 cms 
35-77 cms 
77 cms+ 
10YR4/3 (dark brown) - 10YR4/4 (dark y e l l o w i s h brown); 
f i n e sandy s i l t y loam; moderate medium l a r g e angular 
b l o c k s ; f a i r l y f i r m breaking to s m a l l angular blocks 
and s i n g l e g r a i n s ; dry; r a r e dead r o o t s ; frequent f i n e 
g r a v e l ; r a r e c r a c k s ; c l e a r change. 
10YR4/4 (dark y e l l o w i s h brown); d e p o s i t i o n a l horizons 
of g r a v e l s and f i n e m a t e r i a l ; g r a v e l s becoming c o a r s e r 
w i t h depth; s i n g l e g r a i n s t r u c t u r e ; dry; r a r e roots; 
o c c a s i o n a l cobbles; r a r e carbonate accumulations 
e s p e c i a l l y as 'garlands' on cobbles; c l e a r change. 
Dark grey g r a v e l ; r a r e f i n e r o o t l e t s ; frequent carbonat 
'garlands' on undersides of l a r g e r g r a v e l (cobble s i z e ) 
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L A B O R A T O R Y A N A L Y S E S 
Profi le 8 . Locat ion Ras-al-Khaimah (Ahmed Bassan) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
Internt 
S a n d % 
jtional 
S i l t % 
U.S . 
S a n d % 
D.A. 
S i l t % 
Clay 
% 
Sa tu ra t ion 
% 
PH 
8 - 1 5 
3 8 - 4 5 
7 5 - 8 2 
9 8 - 1 0 5 
3 3 . 0 
3 1 . 5 
3 6 . 5 
4 0 . 5 
5 7 . 9 
7 7 . 3 
6 5 . 9 
6 5 . 4 
2 9 . 9 
1 3 . 0 
3 4 . 0 
2 4 . 8 
4 0 . 3 
5 3 . 8 
4 4 . 5 
4 2 . 5 
4 7 . 5 
3 6 . 5 
4 5 . 4 
4 7 . 7 
1 2 . 2 
9 . 7 
1 0 . 1 
9 . 8 
8 . 4 0 
8 . 7 0 
8 . 6 5 
8 . 4 0 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
Ca Mg Na K T o t a l E .S .R S .A .R . m mhos/cm C 0 3 H C 0 3 C L s o 4 
6 . 8 1 . 3 1 . 5 0 . 2 9 . 8 1 5 . 3 0 . 3 7 
4 . 4 1 . 3 1 . 1 0 . 5 7 . 3 1 5 . 1 0 . 3 6 
5 . 0 1 . 4 . 1 . 4 0 . 4 8 . 2 1 7 . 1 0 . 4 1 
4 . 0 1 . 4 1 . 6 0 . 2 7 . 2 2 2 . 2 0 . 4 0 
Organic 
Total 
% 
Matter 
Organic 
C % 
Tota l 
Nitrogen 
% 
C:N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
1 . 3 3 0 . 7 8 0 . 0 5 1 5 . 6 0 . 4 
- 2 2 2 -
L O C A T I O N RAS-AL-KHAIMAH ( H a i l ) T I T L E 9 . 
T O P O G R A P H Y P o s s i b l e former i n l a n d e x t e n s i o n of Ras-al-Khaimah lagoon, 
No s l o p e 
V E G E T A T I O N Halophytic s p e c i e s g i v i n g about 5% cover 
C U L T I V A T I O N 
S O I L G R O U P H a l o s o l ( s o l o n e t z ) 
S U R F A C E Hummocky, due to a e o l i a n accumulations around p l a n t s , 
Thin c r u s t o f t e n broken up by animals e t c . 
P R O F I L E D E S C R I P T I O N 
0-14 cms 10YR5/4 ( y e l l o w i s h brown) - 10YR5/3 (brown); s i l t y f i n e 
sandy loam; moderate medium p l a t e s with angular b l o c k s 
towards base; f r i a b l e ; breaking to s m a l l angular b l o c k s 
and s i n g l e g r a i n s ; s l i g h t l y moist; frequent/abundant 
r o o t s ; o c c a s i o n a l g r a v e l ; c l e a r change. 
14-25 cms 
25-124 cms+ 
Colour as above; loamy sand - sandy loam; s i n g l e g r a i n 
s t r u c t u r e ; s l i g h t l y moist; r a r e r o o t s ; gypsum c r y s t a l s 
w i t h some s m a l l earthy carbonate accumulations; c l e a r 
change. 
10YR5/4 ( y e l l o w i s h brown); c l a y loam; weak l a r g e columnar 
s t r u c t u r e w i t h some p l a t i n e s s ; moist; o c c a s i o n a l 
s l i c k e n s i d e s ; o c c a s i o n a l p i n h o l e s ; gypsum c r y s t a l s 
a t top of horizon; o c c a s i o n a l s m a l l earthy carbonate 
accumulations. 
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L A B O R A T O R Y A N A L Y S E S 
Prof i le ....a Locat ion . . . ^ a . s . " a . 1 . " K h a i n i a h < H a i l ) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
Intern 
S a n d % 
jtionol 
S i l t % 
U.S . 
S a n d % 
O A . 
S i l t % 
Clay 
% 
Sa tura t ion 
% 
PH 
5-13 
30-38 
112-120 
55.0 
46.0 
46.0 
55.1 
22.6 
10.1 
30.1 
46.0 
52.7 
42.2 
6.5 
6.1 
43.0 
62.1 
56.7 
14.8 
31.4 
37.2 
8.40 
8.45 
8.40 
Cat ion e x c h a n g e c a p a c i t y m .e / IOOg Conductivity Soluble Anions m .e / l i t r e 
Ca Mg No K T o t a l E .S .R S .A.R. m mhos/cm C 0 3 HC0 3 C L S 0 4 
5.3 3.6 4.1 1.7 14.7 28.9 9.98 
18.6 2.2 8.4 2.4 31.6 26.6 9.35 
18.2 3.2 8.2 0.8 30.4 26.2 11.10 
Organic 
Total 
% 
Matter 
Organic 
c % 
Tota l 
Nitrogen 
% 
C:N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
0.21 0.12 0.02 6.0 0.09 
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L O C A T I O N RAS-AL-KHAIMAH ( H a i l ) T I T L E 10 
T O P O G R A P H Y On edge of outwash fan 
lagoonal d e p o s i t s . 
- s l o p e 2 W. O v e r l i e s 
V E G E T A T I O N Bare 
C U L T I V A T I O N Disused c u l t i v a t i o n 
S O I L G R O U P Polymorphic s o i l . Non-saline m a t e r i a l o v e r l i e s Halosol, 
S U R F A C E Very s l i g h t c r u s t i n g 
P R O F I L E D E S C R I P T I O N 
0-22 cms 10YR5/4 ( y e l l o w i s h brown) w i t h some patches of 10YR3/2 
(very dark grey brown); loamy sands; weak angular b l o c k s 
and s i n g l e g r a i n ; dry; r a r e f i n e r o o t s ; o c c a s i o n a l 
f i n e g r a v e l ; c l e a r change. 
22-85 cms 10YR5/4 ( y e l l o w i s h brown), frequent dark coloured sand 
g r a i n s ; ( s i l t y ) f i n e sandy loam; moderate medium columnar 
and angular blocky s t r u c t u r e ; s l i g h t l y compacted breaking 
to s m a l l angular b l o c k s ; very s l i g h t l y moist; r a r e grave] 
r a r e f i n e r o o t l e t s ; o c c a s i o n a l p i n h o l e s ; r a r e small 
earthy carbonate accumulations; c l e a r change. 
85 cms+ 10YR5/4 (yellowish-brown) - 10YR4/4 (dark y e l l o w i s h 
brown); s i l t y c l a y loam; d e p o s i t i o n a l l a m i n a t i o n s ; 
s l i g h t compaction; s l i g h t l y moist; r a r e s m a l l earthy 
carbonate accumulations. 
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L A B O R A T O R Y A N A L Y S E S 
Prof i le ..10. Locat ion . . . ? . a . ? . T . a i r K h a i m a h ( H a i l ) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
Interni 
S o n d % 
itional 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
pH 
7 - 1 4 
3 7 - 4 4 
6 7 - 7 4 
1 0 0 - 1 0 7 
7 5 . 0 
5 7 . 5 
3 9 . 5 
3 7 . 5 
7 5 . 4 
6 8 . 5 
7 2 . 4 
3 5 . 7 
1 8 . 4 
2 0 . 2 
1 5 . 6 
4 7 . 9 
6 1 . 4 
5 0 . 2 
5 1 . 6 
6 . 5 
3 2 . 4 
3 9 . 5 
3 6 . 4 
7 7 . 1 
6 . 2 
1 1 . 3 
1 2 . 0 
1 6 . 4 
8 . 1 5 
8 . 7 0 
8 . 4 5 
8 . 4 5 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg No K Total E.S.R S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
4 . 2 4 . 8 1 . 3 0 . 4 1 0 . 7 1 2 . 2 0 . 2 9 
4 . 5 4 . 2 4 . 2 1 .1 1 4 . 0 3 0 . 0 1 . 2 6 
1 8 . 0 4 . 3 6 . 8 0 . 7 1 9 . 8 3 4 . 4 1 . 7 4 
1 3 . 3 4 . 5 9 . 7 0 . 4 2 7 . 9 3 4 . 8 8 . 2 9 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C=N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/IOOgm 
Available 
Boron 
(ppm) 
0 . 2 7 0 . 1 6 0 . 0 2 8 0 . 0 1 
- 2 2 6 -
L O C A T I O N R AS -A L-KH AIMAH ( R u l e r ' s Garden, T I T L E 11. 
H a i l ) 
T O P O G R A P H Y On edge of outwash f a n . Slope 2°NW 
V E G E T A T I O N Haloxylon s a l i c o r n i c u m - sparse cover ( 5 % ) 
C U L T I V A T I O N Being prepared f o r vegetable c u l t i v a t i o n 
S O I L G R O U P H a l o s o l ( S o l o n e t z ) 
S U R F A C E Hummocks of a e o l i a n m a t e r i a l around Haloxylon bushes, 
Weak c r u s t and l o c a l g r a v e l s k i f f s 
P R O F I L E D E S C R I P T I O N 
0-23 cms 
25-53 cms 
53-118 cms 
118 cms+ 
10YR4/3 (brown); loamy sand; g e n e r a l l y s i n g l e g r a i n 
s t r u c t u r e with some sand and g r a v e l l a y e r s ; s o f t ; 
dry; o c c a s i o n a l f i n e r o o t l e t s ; r a r e g r a v e l ; c l e a r change. 
10YR5/3-4/3 (brown); s i l t y f i n e sandy loam; weak medium 
columnar s t r u c t u r e ; compact, brea k i n g to s m a l l angular 
bl o c k s and s i n g l e g r a i n s ; very s l i g h t l y moist; o c c a s i o n a l 
f i n e r o o t l e t s ; frequent s m a l l c r a c k s ; o c c a s i o n a l f i n e 
g r a v e l ; o c c a s i o n a l p i n h o l e s ; merging. 
107YR4/3 ( b r o w n ) ; ( s i l t y ) f i n e sandy loam; weak medium 
columnar s t r u c t u r e ; s l i g h t l y compact, breaking to s m a l l 
angular b l o c k s and s i n g l e g r a i n s ; s l i g h t l y moist; 
o c c a s i o n a l g r a v e l s ; r a r e s m a l l carbonate accumulations; 
merging. 
10YR4/3 (brown) with r e d and grey sand g r a i n s ; loamy 
f i n e sand; compacted s i n g l e g r a i n s t r u c t u r e ; s l i g h t l y 
moist; r a r e g r a v e l ; r a r e s m a l l carbonate accumulations. 
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L A B O R A T O R Y A N A L Y S E S 
Profi le ....11... Locat ion R a s - a l ~ K h a i m a h ( R u l e r ' s Garden, H a i l ) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
Intern* 
S a n d % 
Jtionol 
S i l t % 
U.S. 
S a n d % 
D A . 
S i l t % 
Clay 
% 
Satura t ion 
% 
pH 
7-14 
35-42 
93-100 
126-133 
59.5 
55.0 
53.0 
50.0 
83.3 
63.4 
59.6 
86.4 
10.2 
26.4 
28.0 
8.8 
75.1 
43.0 
34.4 
39.6 
18.4 
46.8 
53.2 
55.6 
6.5 
10.2 
12.4 
4.8 
8.20 
7.85 
8.30 
8.55 
Cation e x c h a n g e c a p a c i t y m .e / IOOg Conductivity Soluble Anions m . e / l i t r e 
Ca Mg Na K T o t a l E .S .R S .A .R . mmhos/cm c o 3 HC03 C L S 0 4 
4.8 3.8 1.1 1.1 10.8 10.2 2.96 
7.3 2.5 2.8 0.5 13.1 21.9 4.09 
9.3 2.0 2.3 0.7 14.3 16.0 5.23 
2.4 0.8 1.2 0.5 4.9 24.5 2.68 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C:N 
Phosphates 
Total 
mgslOOgm 
Available 
P o t a s h m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
0.74 0.43 0.06 7.2 0.22 
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L O C A T I O N AL A IN ( A l J i m i ) T I T L E 12. 
T O P O G R A P H Y O c c a s i o n a l low dunes ( < l m ) . Slope 2 S 
V E G E T A T I O N O c c a s i o n a l bushes of Haloxylon s a l i c o r n i c u m . L e s s than 
5% cover. 
C U L T I V A T I O N U n c u l t i v a t e d 
S O I L G R O U P X e r o s o l 
S U R F A C E Loose w i t h t h i n c r u s t i n p a r t s 
P R O F I L E D E S C R I P T I O N 
0-34 cms 10YR5/4 ( y e l l o w i s h brown); f i n e sandy loam; weak medium 
angular b l o c k s ; very f r i a b l e , breaking to s i n g l e g r a i n s ; 
frequent f i n e r o o t s ; frequent s m a l l g r a v e l ; r a r e s m a l l 
carbonate c o n c r e t i o n s a t base of horizon; l o c a l s l i g h t 
compaction; sharp change. 
34-119 cms Colour as above, sandy loam g r a v e l with s i l t a h e r i n g to t 
g r a v e l ; s i n g l e g r a i n s t r u c t u r e ; r a r e f i n e r o o t l e t s ; some 
carbonate garlands on g r a v e l ; carbonate accumulations 
i n c r e a s i n g i n frequency w i t h depth; sharp change. 
119 cms+ Calcrete g r a v e l h o r i z o n ; s t r o n g cementation a t top of 
ho r i z o n . 
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L A B O R A T O R Y A N A L Y S E S 
Profi le I.?. LocationA.l. Ain ..(Al J i m i ) 
Sample Depth 
Cm. 
To ta l 
Carbonate 
% 
International 
S a n d % S i l t % 
U . S . D A . 
S a n d % S i l t % 
Clay Sa tu ra t ion PH 
5 - 1 0 
2 5 - 3 0 
5 0 - 5 5 
9 5 - 1 0 0 
1 2 7 - 1 3 3 
3 5 . 5 
3 8 . 0 
2 9 . 5 
2 9 . 0 
4 3 . 5 
9 0 . 0 
8 8 . 8 
8 8 . 6 
8 4 . 9 
8 3 . 1 
3 . 4 
2 . 4 
4 . 1 
4 . 9 
2 . 6 
8 0 . 4 
7 8 . 2 
6 9 . 4 
7 5 . 3 
7 2 . 4 
1 3 . 0 
1 3 . 0 
2 3 . 3 
1 4 . 5 
1 3 . 3 
6 . 6 
8 . 8 
7 . 3 
1 0 . 2 
1 4 . 3 
8 . 8 
8 . 4 
8 . 7 5 
8 . 7 
8 . 8 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a Mg No K T o t a l E.S.P. S .A .R . m mhos/cm c o 3 H C 0 3 C L S 0 4 
n .d. n.d. n.d. n.d. n.d. n.d. 0 . 1 2 
4 . 8 4 . 8 0 . 9 0 . 3 . 1 0 . 8 8 . 3 0 . 1 1 
6 . 0 4 . 5 1 . 1 0 . 3 1 1 . 9 9 . 2 0 . 1 5 
5 . 6 4 . 8 1 . 0 0 . 3 1 1 . 7 8 . 5 0 . 2 3 
5 . 4 4 . 8 1 . 3 0 . 1 1 1 . 6 1 1 . 2 0 . 4 1 
Organic Matter Tota l Phosphates mgslOOgm P o t a s h mgs/IOOam Boron 
Total 
% 
Organic 
C % 
Nitrogen 
% 
C = N Total Available Tota l Available (ppm) 
1 . 6 4 0 . 9 5 0 . 0 9 1 0 . 5 n.d. n.d. n.d. 
1 . 5 8 0 . 9 2 0 . 0 8 1 1 . 5 2 2 . 0 2 . 0 4 0 . 2 
0 . 7 4 0 . 4 3 0 . 0 5 8 . 6 3 2 . 6 1 . 8 3 7 . 1 
0 . 7 6 0 . 4 4 0 . 0 5 8 . 8 2 5 . 1 1 . 8 2 1 . 4 
0 . 5 0 0 . 2 9 0 . 0 3 9 . 7 2 5 . 5 2 . 2 1 6 . 3 
- 2 3 0 -
L O C A T I O N A L AIN ( J i m i - S a i f A l l a h ) T I T L E 1 3 > 
TOPOGRAPHY Gentle slope to S (2°) 
V E G E T A T I O N 
C U L T I V A T I O N F a l l o w p l o t which had grown cabbages the previous winter 
S O I L G R O U P X e r o s o l ( c u l t i v a t e d v a r i a n t ) 
S U R F A C E Loose g r a v e l s k i f f 
P R O F I L E D E S C R I P T I O N 
0-33 cms 10YR4/4 (dark y e l l o w i s h brown); loamy sand - loamy f i n e s 
weak angular blocky s t r u c t u r e ; s o f t , breaking to s i n g l e 
g r a i n s ; dry; o c c a s i o n a l f i n e r o o t s ; frequent f i n e g r a v e l ; 
merging. 
33-45 cms 10YR5/4 ( y e l l o w i s h brown) w i t h 7.5YR t i n g e ; sandy loam; 
weak angular blocky s t r u c t u r e with s l i g h t compaction a t 
base of horizon; s o f t , breaking to s i n g l e g r a i n s ; s l i g h t ] 
moist; dry; o c c a s i o n a l f i n e r o o t s ; frequent s m a l l g r a v e l 
e s p e c i a l l y 42-45 cms; weak carbonate cementation; c l e a r 
change. 
45-105 cms+ Grey 'dirty' g r a v e l ; s l i g h t l y moist; r a r e f i n e r o o t l e t s ; 
s m a l l i n f r e q u e n t e a r t h y carbonate accumulations. 
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LABORATORY A N A L Y S E S 
Profile Location A l Ain ( J i m i - S a i f A l l a h ) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
International U.S.DA. 
S a n d % Silt % 
Clay Saturation PH 
5 - 1 0 
2 5 - 3 0 
3 5 - 4 0 
5 0 - 5 5 
9 5 - 1 0 0 
3 4 . 0 
3 7 . 5 
3 6 . 0 
2 5 . 0 
2 7 . 5 
8 8 . 0 
9 0 . 5 
7 6 . 9 
8 5 . 4 
8 9 . 9 
6 . 5 
3 . 1 
1 8 . 2 
9 . 7 
5 . 2 
7 4 . 1 
7 6 . 7 
6 6 . 7 
6 2 . 8 
8 3 . 7 
2 0 . 4 
1 6 . 9 
2 9 . 4 
3 2 . 3 
1 1 . 4 
5 . 5 
6 . 4 
4 . 9 
4 . 9 
4 . 9 
8 . 7 0 
8 . 9 5 
8 . 9 5 
8 . 9 0 
8 . 8 5 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.R S.A.R. mmhos/cm c o 3 H C 0 3 CL S 0 4 
6 . 0 5 . 4 2 . 4 0 . 1 1 3 . 9 1 7 . 3 0 . 2 1 
6 . 3 5 . 5 2 . 5 0 . 1 1 4 . 4 1 7 . 3 0 . 1 4 
6 . 4 5 . 2 0 . 8 0 . 1 1 2 . 5 6 . 4 0 . 1 5 
4 . 3 4 . 9 1 .1 0 . 1 1 0 . 4 1 0 . 6 0 . 1 3 
2 . 5 4 . 3 0 . 8 0 . 4 8 . 0 1 0 . 0 0 . 2 2 
Organic Matter Total Phosphates mas 100am Potash mgs/IOOgm Boron Gypsum 
Total 
% 
Organic 
C % 
Nitrogen 
% 
C = N Total Available Total Available (ppm) i . e / 1 0 0 * 
2 . 2 8 . 1 . 3 2 0 . 0 5 2 6 . 4 2 4 . 2 3 . 1 8 . 2 0 . 1 7 
2 . 1 2 1 . 2 3 0 . 0 5 2 4 . 6 2 7 . 8 3 . 1 9 . 4 0 . 0 7 
1 . 0 5 0 . 6 1 0 . 0 4 1 5 . 2 2 6 . 4 2 . 2 1 2 . 3 0 . 0 5 
1 . 0 7 0 . 6 2 0 . 0 4 1 5 . 5 2 3 . 8 0 . 9 2 3 . 1 0 . 1 4 
1 . 0 5 0 . 6 1 0 . 0 4 1 5 . 2 3 2 . 6 1 . 3 5 2 . 4 0 . 0 1 
- 2 3 2 -
LOCATION A L A I N ( J i m i - Ibrahim Abboud) T I T L E 14 
TOPOGRAPHY Slope 1 S 
V E G E T A T I O N 
C U L T I V A T I O N Lucerne crop, 6 years o l d , very patchy i n appearance. 
C i t r u s planted i n the lucerne 4 years p r i o r t o sampling 
(1969). P l o t being i r r i g a t e d a t time of sampling. 
SOIL GROUP Xerosol ( c u l t i v a t e d v a r i a n t ) 
S U R F A C E S l i g h t c r u s t as a r e s u l t o f i r r i g a t i o n . 
P R O F I L E DESCRIPTION 
0-71 cms 10YR6/4-7/4 ( l i g h t y e l l o w i s h brown); loamy sand -
loamy f i n e sand; s i n g l e g r a i n and very weak angular 
blocky s t r u c t u r e ; s l i g h t l y moist; frequent/abundant 
c i t r u s and lucerne r o o t s ; r a r e f i n e g r a v e l ; l o c a l 
slight compaction towards base of horizon; merging. 
71 cms+ 10YR4/3 (brown); g r a v e l l y loamy sand; s i n g l e g r a i n 
s t r u c t u r e ; s l i g h t l y moist; frequent f i n e r o o t s ; r a r e 
small carbonate accumulations. 
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LABORATORY A N A L Y S E S 
Profile .....1 4 L o c a t i o n ^ . i ? . . . ( J i m i " I b r a , l i m A b b o u d ) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
Interne 
S a n d % 
itionai 
Silt % 
U.S. 
S a n d % 
O.A. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
5 . 1 0 
3 8 - 4 3 
6 3 - 6 8 
9 5 - 1 0 0 
3 8 . 0 
3 4 . 5 
3 4 . 0 
3 4 . 0 
8 7 . 5 
8 7 . 2 
8 8 . 6 
8 6 . 1 
7 . 2 
4 . 7 
4 . 0 
4 . 5 
7 8 . 0 
8 0 . 1 
8 3 . 9 
7 7 . 7 
1 6 . 7 
1 1 . 8 
8 . 7 
1 2 . 9 
5 . 3 
8 . 1 
7 . 4 
9 . 4 
8 . 7 5 
8 . 4 0 
8 . 6 5 
8 . 7 0 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litro 
Ca Mg Na K Total E.S.R S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
4 . 3 1 . 6 0 . 9 0 . 1 6 . 9 1 3 . 1 0 . 0 7 
3 . 2 3 . 0 0 . 9 0 . 1 7 . 2 1 2 . 5 0 . 1 2 
3 . 6 5 . 4 1 . 0 0 . 1 1 0 . 1 9 . 9 0 . 1 2 
4 . 5 5 . 3 2 . 2 0 . 1 1 2 . 1 1 8 . 2 0 . 1 4 
Organic Matter Total 
C=N 
Phosphates mas 100am Potash m gs/IOOgm Boron 3ypsum I 
Total 
% 
Organic 
C % 
Nitrogen 
% 
Total Available Total Available (ppm) n.e/lOOj 
1 . 0 0 0 . 5 8 0 . 0 3 1 9 . 3 3 6 . 9 1 . 8 1 2 . 1 0 . 1 5 
0 . 9 8 0 . 5 7 0 . 0 5 1 1 . 4 3 3 . 6 1 . 8 1 1 . 4 
1 . 1 4 0 . 6 6 0 . 0 4 1 6 . 5 2 8 . 5 1 . 3 1 9 . 3 
0 . 8 8 0 . 5 1 0 . 0 3 1 7 . 0 2 3 . 8 1 . 3 1 6 . 2 
- 2 3 4 -
LOCATION AL A IN ( J i m i - Ibrahim Abboud) T I T L E 15. 
TOPOGRAPHY Level, c u l t i v a t e d p l o t 
V E G E T A T I O N Cynodon dactylon l o c a l l y i n f e s t i n g p l o t 
C U L T I V A T I O N Date p l o t e s t a b l i s h e d f o r 16 years. Remnants of l u b i a 
(Dolichos l a b l a b ) crop i n p l o t 
SOIL GROUP Xerosol ( c u l t i v a t e d v a r i a n t ) 
S U R F A C E Thin c r u s t 
P R O F I L E DESCRIPTION 
0-80 cms+ 10YR5/4 ( y e l l o w i s h brown); loamy sand - loamy f i n e 
sand; weak angular blocky s t r u c t u r e ; f r i a b l e , breaking 
to s i n g l e g r a i n s ; s l i g h t l y moist; abundant date, l u b i a 
r oots w i t h occasional patches of black decomposed organic 
matter; r a r e f i n e gravel i n c r e a s i n g w i t h depth. Below 
80 cms r o o t s r a r e and patches of black decomposed organic 
matter absent. 
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LABORATORY A N A L Y S E S 
Profile ...15 Location A .L A . i. n..r J i m i d b r a n i m Abboud) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
Interni 
S a n d % 
Jlional 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
5T1 0 
3 8 - 4 3 
7 5 - 8 0 
3 7 . 5 
2 8 . 5 
2 7 . 5 
8 2 . 2 
8 6 . 9 
8 3 . 1 
1 2 . 9 
7 . 0 
1 2 . 5 
7 4 . 6 
7 4 . 9 
7 9 . 3 
2 0 . 5 
1 9 . 0 
1 6 . 3 
4 . 9 
6 . 1 
4 . 4 
8 . 8 0 
8 . 4 0 
8 . 5 5 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg No K Total E.S.R S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
4 . 3 4 . 4 0 . 9 0 . 1 9 . 7 9 . 3 0 . 0 9 
4 . 6 4 . 9 1 .1 0 . 1 1 0 . 7 1 0 . 3 0 . 1 1 
6 . 0 5 . 4 0 . 9 0 . 3 1 2 . 6 7 . 2 0 . 1 7 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C:N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/IOOgm 
Available 
Boron 
(ppm) 
Gypsum 
me/lOOg 
1 . 7 7 
1 . 6 7 
1 . 4 2 
1 . 0 3 
0 . 9 7 
0 . 8 2 
0 . 0 5 
0 . 0 5 
0 . 0 6 
2 0 . 6 
1 9 . 4 
1 3 . 7 
3 0 . 4 
3 0 . 8 
4 5 . 1 
0 . 4 
1 . 3 
1 . 3 
1 2 . 2 
1 4 . 3 
3 3 . 2 
0 . 0 1 
0 . 1 2 
0 . 1 8 
- 2 3 6 -
LOCATION AL A IN ( J i m i - Sultan b i n Ahmed) T I T L E 1 6 • 
TOPOGRAPHY Slope 1°SW 
V E G E T A T I O N 
C U L T I V A T I O N Long-established t r a d i t i o n a l date garden. P l o t had 
grown a crop of 'Dhufra' (vetch?) 
SOIL GROUP Date garden s o i l 
S U R F A C E 
P R O F I L E DESCRIPTION 
0-7 cms 10YR4/2-4/3 (dark greyish brown); sandy loam - loamy san 
moderate medium angular blocky s t r u c t u r e w i t h some s i n g l 
g r a i n s ; f r i a b l e , breaking t o small angular blocks and 
s i n g l e g r a i n s ; moist; frequent date palm roots and f i n e 
r o o t l e t s ; frequent d i f f u s e grey patches of decomposed 
organic matter; merging. 
7-50 cms 10YR4/4 (dark y e l l o w i s h brown); as above except frequenc 
of decomposed organic matter reduced. 
50-112 cms 10YR5/3-5/4 ( y e l l o w i s h brown); s i l t y clay loam; compact 
and massive w i t h frequent f i n e pinholes; moist; frequent 
date palm roots? occasional grey channels ( r o o t s 
decomposed i n s i t u ) ; occasional small d u l l d i f f u s e 
ochreous mottle s ; sharp change. 
112 cms+ Gravel 
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LABORATORY A N A L Y S E S 
Profile ...i6 Location A.l.Ain ( J i m i - Sultan b i n Ahmed) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
International 
S a n d % Silt % 
U.S.OA. 
S a n d % Silt % 
Clay Saturation pH 
0-5 
15-20 
40-45 
55-60 
75-80 
42.5 
42.0 
33.5 
42.5 
41.0 
77.3 
73.9 
87.1 
54.2 
38.0 
12.0 
13.8 
5.5 
19.9 
34.2 
55.2 
62.4 
72.4 
35.3 
25.4 
34.1 
25.3 
20.4 
38.8 
46.8 
10.7 
12.3 
7.4 
25.9 
27.8 
8.80 
8.70 
8.80 
8.75 
8.85 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Co Mg Na K Total E.S.R S.A.R. m mhos/cm C 0 3 H C 0 3 CL S 0 4 
5.9 4.7 1.0 0.2 11.8 8.5 0.14 
4.0 4.7 1.0 0.1 9.8 10.2 0.14 
3.9 4.4 0.9 0.2 9.4 9.6 0.26 
15.6 4.4 2.8 0.1 22.9 12.2 0.20 
18.4 5.3 3.8 0.2 27.7 13.8 0.32 
Organic Matter Total Phosphates mgslOOgm Potash mgs/lOOgm Boron 
Total 
% 
Organic 
c % 
Nitrogen 
% 
C = N Total Available Total Available (ppm) 
3.06 1.77 0.11 16.1 21.6 1.8 23.4 
1.80 1.04 0.05 20.8 14.1 1.6 25.2 
1.43 0.83 0.05 16.6 15.0 1.3 15.2 
1.35 0.78 0.05 15.6 22.0 1.6 30.3 
2.09 1.21 0.07 17.3 15.8 1.4 43.4 
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LOCATION AL AIN ( A l A i n - Manah T I T L E 17 
Mohammed) 
TOPOGRAPHY F l a t 
V E G E T A T I O N 
C U L T I V A T I O N Old-established, t r a d i t i o n a l , date garden. Some date 
palms p a r t l y cleared and bur n t . Fodder crops ( l u b i a ) 
grown. Some traces of burning evident on the surface, 
S O I L GROUP Date garden s o i l 
S U R F A C E 
P R O F I L E DESCRIPTION 
0-26 cms 10YR4/2 (dark greyish brown); f i n e sandy loam; moderate 
and w e l l developed medium angular blocks; f r i a b l e , 
b reaking.to small angular blocks and some granules; 
moist; abundant r o o t s ; patches of grey 'ashy' m a t e r i a l 
presumably derived from burning; merging. 
26-100 cms+ 10YR4/3 (dark brown); loamy f i n e sand; s i n g l e g r a i n 
s t r u c t u r e ; moist; frequent r o o t s ; r a r e limestone fragment) 
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LABORATORY A N A L Y S E S 
Profile ..1.7. Location A l . Ain..(Al A i n - Manah Mohammed) 
Somple Depth 
Crn. 
Tolal 
Carbonate 
% 
Intern 
S a n d % 
3 tionol 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
5-10 
38-43 
75-80 
48.5 
49.0 
49.5 
83.3 
79.5 
85.3 
4.3 
9.6 
6.5 
54.4 
62.1 
62.5 
33.2 
27.0 
29.3 
12.4 
10.9 
8.2 
8.90 
8.85 
8.80 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.P S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
4.2 4.1 1.6 0.5 10.4 15.4 0.19 
5.1 4.2 1.5 0.2/ 11.0 13.6 0.34 
4.2 4.4 1.4 o.r 10.1 13.8 0.31 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C = N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/lOOgm 
Available 
Boron 
(ppm) 
3.68 
3.41 
2.10 
2.14 
1.98 
1.22 
0.12 
0.08 
0.08 
17.8 
24.8 
15.2 
19.8 
19.4 
15.5 
3.5 
2.6 
2.6 
63.8 
28.4 
19.2 
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L O C A T I O N AL AIN (Dept. of A g r i c u l t u r e T I T L E 18, 
Farm) 
TOPOGRAPHY Slope 3°SW 
V E G E T A T I O N 
C U L T I V A T I O N F i r s t year of strawberry c u l t i v a t i o n . P i t located 
near l i n e of o l d a f l a j , now blocked and f a l l e n i n t o 
d i s r e p a i r . 
SOIL GROUP Yermosol (solonchak) 
S U R F A C E Ridged f o r strawberry i r r i g a t i o n . Occasional s a l t 
efforescences where s o i l had d r i e d out. 
P R O F I L E DESCRIPTION 
0-18 cms 10YR5/3 (brown); s i l t y clay loam; moderate medium 
angular blocks; d r i a b l e , breaking t o small angular 
blocks; moist; r a r e f i n e r o o t l e t s ; occasional f i n e 
g r a v e l ; merging. 
18-28 cms 10YR5/3 (brown); g r a v e l l y sandy loam; s i n g l e g r a i n s t r u c t i 
moist; r a r e f i n e r o o t s ; sharp change. 
28 cms+ Grey gravel w i t h some sandy loam lenses; 'garlands' of 
carbonates on many of the gravels. 
NOTES: F i e l d c o n d u c t i v i t i e s 5 cms 
15 cms 
20 cms 
30 cms 
50 cms 
40 mmhos/cm 
20.2 mmhos/cm 
12.4 mmhos/cm 
9 .4 mmhos/cm 
0.9 mmhos/cm 
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No samples were obtained from t h i s p i t 
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LOCATION AL AIN ( A l A i n - Rashid Obeid) T I T L E 19. 
TOPOGRAPHY Smallholding located among low (2m) sand dunes. 
Slope 2°N. 
V E G E T A T I O N Scattered Acacia arabica. Ground vegetation cleared f o r 
c u l t i v a t i o n . 
C U L T I V A T I O N Land prepared f o r c u l t i v a t i o n 
S O I L GROUP Halosol ( s o l o n e t z ) 
S U R F A C E Bare, loose, surface 
P R O F I L E DESCRIPTION 
0-17 cms 10YR5/4 ( y e l l o w i s h brown); loamy sand; weak, angular 
blocky s t r u c t u r e ; s o f t , breaking t o s i n g l e grains; dry, 
r a r e f i n e r o o t l e t s ; occasional f i n e g r a v e l ; abundant 
weakly carbonate-cemented s i l t nodules (up t o 40% of 
the p r o f i l e f a c e ) ; c l e a r change 
17-45 cms 10YR5/3 (brown); f i n e sandy loam; s i n g l e g r a i n s t r u c t u r e ; 
dry; r a r e f i n e r o o t l e t s w i t h t h i c k e r r o o t s a t base; r a r e 
s i l t nodules ( 5 % ) ; sharp change 
45-110 cms+ 10YR5/3 (brown); s i l t y c l a y loam; compact and massive; 
s l i g h t l y moist; occasional carbonate f i l a m e n t s ; occasional 
d u l l d i f f u s e ochreous m o t t l e s . 
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LABORATORY A N A L Y S E S 
Profile ...I.?. Location ..A.l..A.?-.n.. ( A 1 Ain-Rashid Obeid) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
Interne 
S a n d % 
Jt iona l 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
5 - 1 0 
2 2 - 2 7 
4 8 - 5 3 
9 7 - 1 0 2 
4 8 . 5 
4 4 . 0 
5 6 , 0 
5 2 . 0 
7 4 . 9 
6 6 . 5 
6 5 . 0 
5 3 . 5 
1 6 . 6 
1 8 . 5 
1 9 . 6 
2 3 . 3 
6 3 . 2 
5 1 . 5 
3 5 . 3 
3 7 . 2 
2 8 . 3 
3 3 . 5 
4 9 . 3 
3 9 . 6 
8 . 5 
1 5 . 0 
1 5 . 4 
2 3 . 2 
8 . 9 
8 . 9 
8 . 6 5 
8 . 5 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.P. S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
4 . 7 5 . 3 3 . 0 0 . 8 1 3 . 8 1 5 . 2 2 . 9 5 _ 2 . 1 2 . 6 4 2 2 . 5 
6 . 3 4 . 3 3 . 3 0 . 6 1 4 . 5 2 2 . 8 0 . 2 0 - 1 . 5 1 . 4 8 . 7 7 . 0 4 . 4 3 . 1 1 . 4 1 5 . 9 1 9 . 5 9 . 0 5 0 . 9 2 . 3 3 3 . 8 4 2 . 4 
1 5 . 8 4 . 4 3 . 1 2 . 4 2 5 . 7 1 2 . 0 1 5 . 4 0 0 . 3 3 . 3 5 9 . 7 6 3 . 9 
Organic Matter Total Phosphates mgslOOgm Potash m gs/IOOgm Boron 
Total 
% 
Organic 
C % 
Nitrogen 
% 
C = N Total Available Total Available (ppm) 
1 . 8 1 1 . 0 5 0 . 0 3 3 5 . 0 2 6 . 4 0 . 1 3 8 0 . 6 
1 . 3 5 0 . 7 8 0 . 0 4 1 9 . 5 1 7 . 6 0 . 1 8 6 3 . 2 
0 . 7 9 0 . 4 6 0 . 0 4 1 1 . 5 1 8 . 9 0 . 0 4 2 6 5 . 6 
1 . 7 2 1 . 0 0 0 . 0 9 1 1 . 1 2 5 . 1 0 . 0 4 2 0 0 . 0 
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LOCATION AL AIN ( A l A i n - Rashid Obeid) T I T L E 2 0 • 
TOPOGRAPHY Smallholding located among low (2m) sand dunes. Slope 2°N 
V E G E T A T I O N B a r e 
C U L T I V A T I O N Under i r r i g a t i o n channel ( u n l i n e d ) 
SOIL GROUP Halosol ( s o l o n e t z ) 
S U R F A C E 
P R O F I L E DESCRIPTION 
E s s e n t i a l l y the same as p r o f i l e 19 except 
( i ) 0-17 cms horizon contains d u l l d i f f u s e o l i v e yellow mottles (25%) 
( i i ) the 45 cms + horizon has traces o f grey c o l o u r i n g 
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LABORATORY A N A L Y S E S 
Profile ....2a Location .... A.l.. AA. n ( A 1 A i n ~ R a s n i d Obeid) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
I n t e r n a t i o n a l U.S.DA. 
S a n d % I Si l t 
Clay Saturation PH 
5 - 1 0 
2 2 - 2 7 
4 8 - 5 3 
9 7 - 1 0 2 
4 6 . 5 
4 3 . 5 
5 4 . 0 
4 9 . 5 
7 8 . 7 
6 4 . 7 
6 0 . 2 
4 7 . 0 
1 1 . 7 
1 9 . 2 
2 1 . 6 
3 3 . 1 
5 9 . 2 
4 6 . 1 
3 4 . 8 
3 2 . 7 
3 2 . 2 
3 7 . 3 
4 7 . 0 
4 7 . 4 
9 . 6 
1 6 . 6 
1 8 . 2 
1 9 . 9 
8 . 2 0 
8 . 9 5 
8 . 6 9 
8 . 7 5 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.R S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
5 . 1 4 . 1 3 . 3 0 . 9 1 3 . 4 2 4 . 6 1 . 7 5 — 1.1 1 . 2 1 2 . 3 
5 . 7 5 . 1 2 . 5 0 . 4 1 3 . 7 1 2 . 7 0 . 3 5 0 . 5 0 . 9 0 . 2 7 . 5 
8 . 0 5 . 8 2 . 2 2 . 1 1 8 . 1 1 2 . 2 2 . 4 4 0 . 6 0 . 8 4 . 3 1 8 . 7 
1 1 . 2 4 . 4 3 . 0 1 . 3 1 9 . 9 1 5 . 4 5 . 4 0 0 . 8 1 .1 8 . 4 4 2 . 7 
Organic Matter Total Phosphates mgslOOgm Potash mgs/IOOam Boron 
Total 
% 
Organic 
C % 
Nitrogen 
% 
C:N Totol Available Total Available (ppm) 
1 . 8 1 1 . 0 5 0 . 0 4 2 6 . 2 3 2 . 2 0 . 1 3 7 9 . 6 
1 . 2 0 0 . 7 0 0 . 0 6 1 1 . 7 1 7 . 6 0 . 1 3 5 2 . 6 
0 . 8 1 0 . 4 7 0 . 0 3 1 5 . 3 2 0 . 7 0 . 1 8 1 6 8 . 0 
0 . 9 5 0 . 5 5 0 . 0 5 1 1 . 0 2 2 . 9 0 . 1 3 1 7 0 . 2 
- 2 4 6 -
L O C A T I O N AL AIN (Jebel H a f i t ) T I T L E 2 1 ' 
TOPOGRAPHY Low r i d g e covered by loose angular c h e r t fragments 
and a e o l i a n sand. Slope 4°W. 
V E G E T A T I O N Bare 
C U L T I V A T I O N U n c u l t i v a t e d 
SOIL GROUP R e l i c s o i l 
S U R F A C E Loose c h e r t fragments 
P R O F I L E DESCRIPTION 
0-3 cms 10YR5/3 (brown); loamy f i n e sand; s i n g l e g r a i n s t r u c t u r e ; 
dry; r a r e f i n e r o o t l e t s ; frequent angular stones; sharp 
change. 
3-12 cms 5YR4/4 (r e d d i s h brown); (sandy) c l a y loam; w e l l developed 
medium angular blocks; f i r m , breaking t o small blocks 
and crumbs; dry; very r a r e f i n e r o o t s ; sharp i r r e g u l a r 
boundary 
12-22 cms 10YR7/4 (very pale brown); weathered limestone; carbonate 
skins below 18 cms; merging 
22 cms+ Consolidated s i l i c e o u s limestone. 
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LABORATORY A N A L Y S E S 
Profile ZX Location . . A ^ . . ^ . n . . ( J e b e l H a f i t ) 
Sample Depth 
Cm. 
Tota l 
Carbonole 
% 
Interni 
S a n d % 
jtionol 
S i l t % 
U .S . 
S a n d % 
D A . 
S i l t % 
Clay 
% 
Sa tu ra t ion 
% 
PH 
0-3 
4-9 
13-18 
53.5 
61.5 
87.0 
71.9 
35.7 
n.d. 
10.7 
22.5 
n.d. 
55.7 
24.8 
n.d. 
26.9 
33.4 
n.d. 
17.4 
41.8 
n.d. 
7.60 
8.45 
7.95 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a Mg Na. K T o t a l E . S . R S .A .R . mmhos/cm C 0 3 H C 0 3 C L S 0 4 
5.4 4.8 1.8 0.3 12.3 14.6 0.53 1.1 0.9 0.4 0.8 
27.4 16.2 3.6 2.8 50.0 7.2 0.29 1.0 0.8 0.6 0.9 
8.4 4.3 1.0 0.1 13.8 7.2 0.05 1.1 1 . 0 0.4 0.9 
Organic 
Tota l 
% 
Matter 
Organic 
C % 
Tota l 
Nitrogen 
% 
C=N 
Phosphates 
Total 
mgslOOgm 
Available 
P o t a s h m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
0.87 
0.36 
0.33 
0.51 
0.21 
0.19 
. 0.04 0.02 
0.02 
12.7 10.5 
9.5 
32.8 48.4 
20.3 
0.18 0.40 
0.19 
41.6 58.2 
12.2 
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L O C A T I O N TENDAHO (Barga) T I T L E 22. 
T O P O G R A P H Y Located on n a t u r a l l e v e l of Awash R i v e r 
V E G E T A T I O N Bare 
C U L T I V A T I O N Prepared f o r c o t t o n c u l t i v a t i o n 
S O I L G R O U P F l u v i s o l 
S U R F A C E Uneven due to l a r g e subrounded c l o d s . C r u s t s 2 mms t h i c k . 
P R O F I L E D E S C R I P T I O N 
0-20 cms 10YR3/3 (dark brown); s i l t y loam - s i l t y c l a y loam; 
weak l a r g e angular b l o c k s ; f i r m , breaking to s m a l l 
angular b l o c k s ; o c c a s i o n a l f i n e r o o t s ; sharp change. 
20-70 cms 10YR4/4 (dark y e l l o w i s h brown); s i l t y f i n e sandy loam; 
weak columnar s t r u c t u r e though t h i n c l a y bands tend to be 
laminated;.very s l i g h t l y moist; o c c a s i o n a l f i n e r o o t s ; 
o c c a s i o n a l p i n h o l e s ; rare'ochreous mottles i n c l a y bands; 
sharp change. 
70 cms+ 10YR2/2 (very dark brown); c l a y loam; compact and massive 
with some angular b l o c k s a t the top of the horizon; 
s l i g h t l y moist? c o n t a i n s c r a c k s i n c l u d i n g some i n f i l l from 
upper h o r i z o n s ; s l i c k e n s i d e s . 
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LABORATORY A N A L Y S E S 
Profile . 2 2 Location T®?. d. a h o ( B a r e a > 
Sample Depth 
Cm. 
Tota l 
Carbonate Internotionol 
S a n d % S i l t % 
U.S . D A 
S a n d % I S i l t 
Clay Sa tu ra t ion pH 
5 - 1 5 
2 5 - 3 5 
4 5 - 5 5 
7 0 - 8 0 
3 . 0 
5 . 5 
6 . 0 
5 . 0 
3 2 
4 9 
2 6 
2 1 
3 9 
3 5 
5 1 
3 5 
1 2 
1 4 
5 
1 6 
5 9 
7 0 
7 2 
4 0 
2 9 
1 6 
2 3 
4 4 
7 . 6 0 
7 . 6 0 
7 . 6 0 
7 . 6 0 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i U e 
C a Mg Na K T o t a l E . S . R S .A .R . mmhos/cm co 3 H C 0 3 C L S 0 4 
4 4 . 7 8 . 4 1 2 . 9 4 . 3 6 0 . 3 2 1 . 4 1 . 1 2 — 2 . 4 - 1 2 . 1 
4 2 . 8 7 . 2 8 . 7 1 . 4 6 0 . 1 1 4 . 5 1 . 2 0 - 1 . 5 _ 1 2 . 3 
3 7 . 2 1 0 . 1 1 3 . 1 1 . 4 6 1 . 8 2 1 . 2 2 . 0 5 — 2 . 1 2 . 3 1 7 . 1 
4 9 . 0 1 0 . 9 1 4 . 0 1 . 9 7 5 . 8 1 8 . 5 2 . 4 4 1 . 6 2 . 4 2 5 . 1 
Organic 
Tota l 
% 
Mat ter 
Organ ic 
c % 
Tota l 
Nitrogen 
% 
C'-N 
Phosphates 
Total 
rngslOOgm 
Available 
P o t a s h in 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
2 . 7 
1 . 6 
1 . 2 
1 . 2 
1 . 6 
0 . 9 
0 . 7 
0 . 7 
0 . 0 9 1 7 . 8 8 . 3 
n . d . 
1 1 . 5 
3 2 . 2 
n . d . 
3 3 . 6 
PrtPdto 22 - 3 u Cation Exe-Wi<i» Ztbc+mvnCkULr-o co.rr'uu> c u i on cunrrto.ui«*i OCircix ex.ttact-e.tdt 
- 2 5 0 -
L O C A T I O N TENDAHO (Dubti) T I T L E 23. 
T O P O G R A P H Y N a t u r a l l e v e l of R i v e r Awash. Land s u b j e c t to 
annual f l o o d i n g . 
V E G E T A T I O N C a l l o t r o p i s p r o c e r a , Euphorbia spp, Tamarindus spp, 
Salvadora p e r s i c a , Cyperus rotundus. Grasses 5% cover, 
Bushes 15% cove r . 
C U L T I V A T I O N H e a v i l y grazed r i v e r i n e woodland 
S O I L G R O U P E l u v i s o l 
S U R F A C E Thin c r u s t 0.5 nun i n t h i c k n e s s 
P R O F I L E D E S C R I P T I O N 
0-33 cms 
33-63 cms 
63 cms+ 
10YR3/3 (dark brown); s i i t y c l a y loam; weak/moderate 
medium angular b l o c k s with some d e p o s i t i o n a l p l a t i n e s s ; 
f i r m , breaking to s m a l l angular b l o c k s ; dry to 12 cms 
but moist below; abundant f i n e r o o t s and r o o t l e t s ; r a r e 
dark patches of o r g a n i c matter; sharp change. 
10YR3/3 (dark brown); sandy loam - loamy sand; mainly sini 
g r a i n s t r u c t u r e but some r e s i d u a l d e p o s i t i o n a l p l a t i n e s s ; 
s l i g h t l y moist; frequent f i n e r o o t s ; o c c a s i o n a l s m a l l 
earthy CaCO^ accumulations; sharp changes. 
10YR3/3 (dark brown); loamy f i n e sand - s i l t ; compact wi t 
r e s i d u a l d e p o s i t i o n a l laminations; dry; o c c a s i o n a l f i n e 
r o o t s ; r a r e earthy CaCO^ accumulations. 
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LABORATORY A N A L Y S E S 
Profile . 2 3 Location ..Te.ndaho ( D u b t i ) 
Sample Depth 
Cm. 
To lo l 
Carbonate 
% 
International 
S a n d % Si l t % 
U . S . D A . 
S o n d % | S i l t % 
Clay Sa tura t ion PH 
5 - 1 5 
2 3 - 3 3 
4 5 - 5 5 
6 5 - 7 5 
4 . 0 
5 . 0 
6 . 5 
9 . 0 
1 5 
4 5 
5 9 
8 0 
6 4 
2 1 
1 6 
1 5 
5 
2 0 
4 4 
2 9 
7 4 
4 6 
3 1 
6 6 
2 1 
3 4 
2 5 
5 
7 . 8 0 
7 . 9 0 
7 . 9 0 
8 . 2 0 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a Mg. Na K T o t a l E.S.f i S .A .R . m mhos/cm co 3 H C 0 3 C L S 0 4 
2 9 . 5 1 5 . 7 1 . 2 2 . 8 4 9 . 2 2 . 4 0 . 7 0 mm 2 . 0 2 . 6 4 . 3 
2 9 . 6 1 0 . 8 0 . 9 2 . 4 4 3 . 7 2 . 1 0 . 6 4 1 . 3 0 . 6 4 . 1 
2 5 . E 8 . 2 1 . 0 2 . 5 3 7 . 5 2 . 7 0 . 8 8 - 1 . 7 1 . 1 4 . 1 
2 2 . 1 8 . 7 0 . 8 1 . 5 3 3 . 1 2 . 4 0 . 4 6 1 . 5 . 1 . 3 2 . 3 
Organic Matter Tota l 
C-N 
Phosphates mgslOOgm P o t a s h mgs/IOOgm Boron 
Totol 
% 
Organic 
C % 
Nitrogen 
% Total Available Totol Available (ppm) 
2 . 6 1 . 5 0.1 1 5 . 0 3 2 0 7 . 3 1 5 . 5 
1 . 8 1.1 n.d. n.d. n.d. 
0 . 3 0 . 2 1 8 1 9 . 6 1 0 . 9 
0 . 5 0 . 3 
- 2 5 2 -
L O C A T I O N TENDAHO ( D i t B a h a r i E x t e n s i o n ) T I T L E 2 4 • 
T O P O G R A P H Y F l a t . I n c i p i e n t e r o s i o n g u l l i e s i n v i c i n i t y of p r o f i l e 
p i t . These r e s u l t of n a t u r a l c r a c k s , widened f i r s t l y 
by animals and them by r a i n . 
V E G E T A T I O N Heavily grazed tussock g r a s s l a n d - 80% cove r . A r i s t i d a sp. 
C U L T I V A T I O N 
S O I L G R O U P V e r t i s o l 
S U R F A C E T h i n c r u s t (1.5 mms) between tussocks, 
due to t u s s o c k s . 
I r r e g u l a r , . 
P R O F I L E D E S C R I P T I O N 
0-14 cms 10YR3/2 (very dark g r e y i s h brown); e i l t y c l a y loam -
c l a y loam; well-developed l a r g e and medium angular 
b l o c k s ; hard; dry; frequent f i n e r o o t s ; merging. 
14-120 cms+ 10YR3/3 (dark brown); s i l t y c l a y loam - c l a y loam; 
compact and massive but l a r g e angular b l o c k s form due 
to c r a c k i n g ; dry; r a r e r o o t s ; r a r e s m a l l earthy carbonate 
accumulations below 70 cms; frequent c r a c k s to 60 cms 
though some extend to l.-20m+; o c c a s i o n a l s l i c k e n s i d e s . 
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LABORATORY A N A L Y S E S 
Prof i le 2 4 LOCationPH^?.?-...^0.1* B a h a r i E x t e n s i o n ) 
Sample Depth 
Cm. 
Tota l 
Corbonate 
% 
Intern* 
S o n d % 
itional 
S i l t % 
U .S . 
S a n d % 
D.A. 
S i l t % 
Clay 
% 
S a t u r a t i o n 
% 
PH 
4 - 1 4 
2 5 - 3 5 
4 5 - 5 5 
6 5 - 7 5 
1 7 . 0 
1 9 . 5 
1 7 . 0 
. 1 6 . 5 
4 9 
5 8 
4 5 
4 8 
2 3 
9 
2 1 
2 3 
3 8 
3 8 
2 6 
3 8 
134 
! 2 9 
4 0 
3 3 
2 8 
3 3 
3 4 
2 9 
8 . 3 0 
8 . 1 0 
8 . 1 0 
8 . 2 0 
Cat ion e x c h a n g e c a p a c i t y m .e / IOOg Conductivity Soluble Anions m . e / l i t r e 
C a Mg Na K T o t a l E . S . R S .A .R . m mhos/cm co 3 H C 0 3 C L S 0 4 
4 4 . 0 6 . 7 7 . 1 1 . 8 5 9 . 6 1 1 . 9 0 . 9 8 — 2 . 5 1 . 7 1 2 . 1 
3 8 . 7 5 . 7 5 . 8 1 . 4 5 1 . 6 1 1 . 3 0 . 7 7 - 2 . 3 2 . 1 1 0 . 5 
4 5 . 3 4 . 8 5 . 8 1 . 1 5 7 . 0 1 0 . 2 i 0 . 9 2 - 2 . 0 2 . 1 1 2 . 5 
3 0 . 9 8 . 3 4 . 3 2 . 7 4 6 . 2 9 . 3 i 0 . 9 0 2 . 0 2 . 5 1 2 . 9 
Organic 
Tota l 
% 
Matter 
Organic 
C % 
Tota l 
Nitrogen 
% 
C:N 
Phosphates 
Total 
mgslOOgm 
Available 
P o t a s h m 
Tota l 
gs/IOOgm 
Available 
Boron 
(ppm) 
9 . 1 
n.d. 
1 . 6 
n.d. 
. 5 . 3 
n.d. 
0 . 9 
n.d. 
0 . 4 5 1 1 . 8 1 0 . 1 
n.d 
1 3 . 2 ; -
2 8 . 7 
n.d. 
4 1 . 9 
- 2 5 4 -
L O C A T I O N TENDAHO (D u b t i ) T I T L E 2 5 
T O P O G R A P H Y No a p p r e c i a b l e slope 
V E G E T A T I O N 
C U L T I V A T I O N Bare. I r r i g a t e d p r i o r to p l a n t i n g c o t t o n . Under 
cotton f o r previous 3 y e a r s 
S O I L G R O U P V e r t i s o l 
S U R F A C E C r u s t 5 nuns t h i c k . Mosaic of medium s i z e c r a c k s 
extending to 15 cms depth. 
P R O F I L E D E S C R I P T I O N 
10YR4/2 (dark g r e y i s h brown); c l a y loam - s i l t y c l a y loam; 
p l a s t i c but d r i e s out to medium and l a r g e angular b l o c k s ; 
very moist; frequent root fragments; merging. 
10YR3/3 (dark brown); s i l t y c l a y loam; weak medium angular 
b l o c k s becoming massive; p l a s t i c ; very moist; o c c a s i o n a l 
s m a l l s l i c k e n s i d e s ; o c c a s i o n a l f i n e r o o t l e t s with 
c o n c e n t r a t i o n a t top of horizon; c l e a r change. 
10YR3/2 (dark g r e y i s h brown) - 10YR3/3 (dark brown);clay 1< 
compact and massive; moist; r a r e f i n e r o o t s to 65 cms; 
d e p o s i t i o n a l l a m i n a t i o n s ; r a r e s m a l l white carbonate 
e f f o r e s c e n c e s below 70 cms. 
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0-15 cms 
25-56 cms 
56 cms+ 
LABORATORY A N A L Y S E S 
Profile 25 Location ....T.e.n.d.a.h o < D u b t i ) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
International U . S . D A . 
S a n d % [ S i l t % 
Clay Sa tura t ion PH 
5-15 
25-35 
45-55 
65-75 
11.5 
10.2 
10.2 
8.2 
35 
17 
18 
29 
24 
19 
21 
25 
17 
9 
7 
8 
42 
27 
32 
46 
41 
64 
61 
46 
7.80 
7.40 
7.80 
7.45 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m .e / l i t r e 
C a Mg Na K T o t a l E .S .R S .A .R . m mhos/cm co 3 HC0 3 C L S 0 4 
72.5 14.5 6.7 4.8 98.5 6.8 0.11 2.6 2.4 0.4 2.7 
56.5 14.2 7.9 4.2 82.8 9.5 1.48 0.6 2.3 0.4 12.5 
65.5 H..4 9.8 4.2 90.9 10.8 0.56 - 2.0 - 2.9 
66.5 11.7 10.5 3.6 82.3 11.4 4.35 2.0 1.1 42.5 
Organic Matter Tota l Phosphates mgslOOgm P o t a s h mgs/100gm Boron 
Total 
% 
Organic 
C % 
Nitrogen 
% 
C = N Totol Available Tota l Availoble (ppm) 
3.6 2.1 0.10 21.0 536 5.3 26.2 
3.1 1.8 n.d. 5.5 23.6 
2.9 1.7 382 6.0 20.0 
1.4 0.8 9.0 16.8 
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L O C A T I O N TENDAHO ( D u b t i ) T I T L E 26. 
T O P O G R A P H Y 
V E G E T A T I O N E c h i n o c l o a sp, Cyperus rotundus - 5% cover 
C U L T I V A T I O N A w a i t i n g p l a n t i n g f o r c o t t o n . Previous cropping 
sequence; 5 y e a r s c o t t o n , followed by 1 year r i c e , 
S O I L G R O U P V e r t i s o l 
S U R F A C E C r u s t 5 nuns t h i c k with f i n e c r a c k s 
P R O F I L E D E S C R I P T I O N 
0-40 cms 10YR4/2 (dark grey brown); s i l t y c l a y loam; p l a s t i c but 
d r i e s to st r o n g medium and l a r g e angular b l o c k s ; moist; 
abundant r o o t s and f i n e r o o t l e t s ; abundant s m a l l d i f f u s e 
10YR4/1 (dark grey) s t a i n s ( o r g a n i c ? ) ; waterlogged 
horizon from previous seasons r i c e crop; c l e a r change. 
40 cms+ 10YR3/3 (dark brown); s i l t y c l a y loam - c l a y loam; compact 
and massive with some r e s i d u a l d e p o s i t i o n a l l a m i n a t i o n s ; 
moist; r a r e f i n e r o o t s ; r a r e s m a l l earthy carbonate 
accumulations below 95 cms. 
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LABORATORY A N A L Y S E S 
Profile ..2.6 Location .T.e.n.?.?.ho. < D u D t i > 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
International 
S o n d % S i l t % 
U . S . D A . 
S o n d % I S i l t 
Clay Sa tura t ion 
% 
PH 
5 - 1 5 
2 5 - 3 5 
4 5 - 5 5 
6 5 - 7 5 
7 . 7 
8 . 2 
8 . 5 
9 . 7 
3 4 
1 7 
1 8 
2 2 
3 2 
2 1 
2 2 
2 6 
1 4 
9 
1 2 
1 1 
, 5 2 
2 9 
2 8 
3 7 
3 4 
6 2 
6 0 
5 2 
7 . 7 0 
7 . 8 0 
8 . 0 0 
7 . 9 5 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
Co Mg Na K T o t a l E . S . R S .A .R . m mhos/cm C 0 3 H C 0 3 C L S 0 4 
7 0 . 5 1 2 . 7 5 . 0 4 . 1 9 1 . 3 5 . 5 0 . 9 3 1 . 1 4 . 4 2 . 2 
6 9 . 0 1 2 . 2 5 . 9 4 . 4 9 1 . 5 6 . 4 1 . 3 5 - 2 . 0 - 1 2 . 1 6 7 . 0 1 1 . 2 6 . 4 3 . 7 8 8 . 3 7 . 2 0 . 4 7 - 1 . 8 - 1 . 3 6 4 . 5 7 . 3 5 . 8 3 . 4 8 1 . 0 7 . 2 0 . 4 3 . 0 . 4 1 . 3 
Organic Matter 
Tota l Organic 
Tota l 
Nitrogen 
% 
C-N 
Phosphates mgslOOgm 
Total Available 
P o t a s h mgs/IOOgm 
Tota l Available 
Boron 
(ppm) 
4 . 0 
3 . 8 
3 . 4 
2 . 8 
: 2 . 3 
2 . 2 
2 . 0 
1 . 6 
0 . 1 1 2 0 . 9 4 5 0 
n.d. 
3 7 0 
5 . 6 * 
6 . 2 
6 . 7 
8 . 0 
2 7 . 8 
2 3 . 3 
2 1 . 4 
2 0 . 4 
- 2 5 8 -
L O C A T I O N TENDAHO (Du b t i ) T I T L E 27 
T O P O G R A P H Y D e p r e s s i o n a l a r e a c l o s e to e x i t of main d r a i n of Dubti 
P l a n t a t i o n 
V E G E T A T I O N 
C U L T I V A T I O N Cotton 35 cms high a t time of sampling. F i r s t year of 
c u l t i v a t i o n 
S O I L G R O U P V e r t i s o l 
S U R F A C E Weak c r u s t , 3 mms t h i c k 
P R O F I L E D E S C R I P T I O N 
0-80 cms 10YR2/2 (very dark brown); c l a y loam; moderate/well develop 
medium angular b l o c k s w i t h o c c a s i o n a l r e s i d u a l laminations; 
p l a s t i c ; moist; frequent f i n e r o o t l e t s ; mottles below 
30 cms along r o o t channels; strong 10YR3/4 (dusky r e d ) , 
mottles along ped f a c e s below 6 0 'cms; sharp change. 
80 cms+ 10YR2/2 (v e r y dark brown); s i l t y c l a y loam; compact and 
massive; very moist e s p e c i a l l y below 120 cms; mottles 
f i n e r and l e s s d i s t i n c t . 
Notes: ( i ) F i e l d l i e s below l e v e l of main d r a i n and water has to be pumped 
d f f the f i e l d . 
( i i ) Augering continued to 2.5 metres but no evidence of water t a b l e 
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LABORATORY A N A L Y S E S 
Profile 2.7 Location Tendahp^ ( D u b t i ) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
International 
S a n d % S i l t % 
U.S . D A . 
S o n d % | S i It % 
Cloy Satura t ion PH 
5 - 1 5 
2 5 - 3 5 
4 5 - 5 5 
6 5 - 7 5 
8 5 - 9 5 
5 . 5 
8 . 0 
8 . 0 
9 . 0 
8 . 0 
7 
11 
1 2 
4 5 
2 5 
3 3 
1 6 
2 4 
1 5 
5 3 
1 
7 
5 
3 0 
1 9 
3 9 
2 0 
3 1 
3 0 
5 9 
6 0 
7 3 
6 4 
4 0 
22 
8 . 1 0 
8 . 3 5 
7 . 8 0 
8 . 0 0 
7 . 5 5 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a . Mg No. K T o t a l E .S .R S.A.R. mmhos/cm co 3 H C 0 3 C L S 0 4 
4 2 . 2 2 2 . 0 1 . 1 2 . 6 6 7 . 9 1 . 6 1 . 3 5 _ 2 . 3 1 . 4 1 4 . 5 
5 0 . 0 1 8 . 4 4 . 3 4 . 2 7 6 . 9 5 . 6 0 . 9 5 - 2 . 1 1 . 6 10.1 4 5 T 2 21.7 4 . 5 1 . 9 7 3 . 3 6 . 1 1 . 1 9 - 2 . 0 1 . 2 1 3 . 1 4 5 . 0 20U 4 . 2 2 . 4 7 2 . 0 5 . 8 0 . 6 5 - 2 . 2 1 . 0 4 . 3 
2 8 . 6 10.2 0 . 7 3 . 3 4 2 . 8 1 . 6 0 . 7 3 2 . 4 0 . 8 4 . 3 
Organic Matter Tota l Phosphates mgslOOgm P o t a s h mas/ lOOam Boron 
Tota l 
% 
Organic 
C % 
Nitrogen 
% 
C = N Total Available Tota l Available (ppm) 
2 . 4 1 . 4 0 4 4 3 5 . 0 2 1 6 5 . 6 1 8 . 6 
2 . 2 1 . 2 n.d. n ,d. n.d. 
2 . 1 1 . 2 1 4 3 6 . 2 1 5 . 5 
2 . 0 1 . 2 
0 . 6 0 . 4 
-> 
- 2 6 0 - ! i i 
i 
i 
I 
L O C A T I O N TENDAHO (D u b t i ) T I T L E 28. 
T O P O G R A P H Y 
V E G E T A T I O N Sesbania sp, E c h i n o c l o a colonum. 1% cover 
C U L T I V A T I O N I r r i g a t e d p r i o r to p l a n t i n g . Cotton f o r previous four yei 
S O I L G R O U P V e r t i s o l 
S U R F A C E C r u s t 2 irons t h i c k . Cracks extend to 4 cms, 
P R O F I L E D E S C R I P T I O N 
0-34 cms 10YR4/2 (dark g r e y i s h brown) - 10YR3/2 (very dark g r e y i s h 
brown); s i l t y c l a y loam; p l a s t i c , but d r i e s out to strong 
medium angular b l o c k s ; very moist; o c c a s i o n a l f i n e r o o t s ; 
c l e a r change. . 
34-63 cms 10YR3/2 (very dark g r e y i s h brown); s i l t y c l a y loam -
c l a y loam; compact and massive w i t h some r e s i d u a l deposit 
l a m i n a t i o n s ; very moist; r a r e f i n e r o o t s ; r a r e s m a l l 
earthy carbonates; merging. 
63 cms+ 10YR3/2 (very dark g r e y i s h brown); c l a y loam; more compac 
than pr e v i o u s horizon; moist; r a r e f i n e r o o t s ; frequent 
s l i c k e n s i d e s and c l a y s k i n s ; r a r e s m a l l earthy carbonate 
accumulations. 
NOTE: C u l t i v a t e d h o r i z o n extends to 21 cms. 
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I 
LABORATORY A N A L Y S E S 
Profile ....28 Location ....T.endaho (Dubti) 
Sample Depth 
Cm. 
Tota l 
Carbonate 
% 
International 
S a n d % S i l t % 
U.S . D A . 
S a n d % | S i l t % 
Clay Sa tura t ion PH 
5-15 
23-33 
45-55 
65-75 
16.5 
16.0 
15.0 
15.0 
23 
24 
17 
19 
22 
19 
19 
17 
16 
17 
9 
11 
29 
26 
27 
25 
55 
57 
64 
64 
7.60 
7.25 
7.80 
7.60 
Cat ion e x c h a n g e c a p a c i t y m . e / I O O g Conductivity Soluble Anions m . e / l i t r e 
C a . Mg Na K T o t a l E .S .R S .A.R. m mhos/cm C 0 3 H C 0 3 C L S 0 4 
35.0 20.1 8.4 2.0 65.5 12.8 0.53 
34.6 15.2 7.3 1.5 58.6 12.6 0.61 
47.0 17.3 10.6 1.9 75.8 13.8 0.94 
43.7 17.1 9.9 1.8 72.5 13.7 2.41 
Organic Matter To ta l 
C :N 
Phosphates mgslOOgm P o t a s h mgs/IOOgm Boron 
Total 
% 
Organic 
C % 
Nitrogen 
% 
Total Available Tota l Available (ppm) 
2.6 1.5 0.08 18.7 275 9.4 17.3 
0.6 0.3 n . d . 10.6 14.8 
1.0 0.6 193 11.6 12.4 
0.8 0.5 
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L O C A T I O N TENDAHO (D u b t i ) T I T L E 29. 
T O P O G R A P H Y 
V E G E T A T I O N 
C U L T I V A T I O N Cotton crop i n each of 6 previous y e a r s . Cotton crop 
p l a n t e d 4 days p r i o r to sampling. 
S O I L G R O U P F l u v i s o l 
S U R F A C E C r u s t 4 mms t h i c k . O c c a s i o n a l medium s i z e d angular c l o d s 
on the s u r f a c e 
P R O F I L E D E S C R I P T I O N 
0-58 cms 10YR3/2 (very dark g r e y i s h brown) - 10YR3/3 (dark brown); 
s i l t y c l a y loam; p l a s t i c , but forms w e l l developed s m a l l / 
medium angular b l o c k s on drying; very moist; o c c a s i o n a l 
r o o t s ; o c c a s i o n a l d u l l d i f f u s e grey- patches ( ? organic 
m a tter) i n top 22 cms; c l e a r change. 
58 cms+ 10YR3/2 (very dark g r e y i s h brown); s i l t y c l a y loam; compac 
and massive; moist; r a r e f i n e r o o t l e t s ; o c c a s i o n a l pinhole 
NOTE: C u l t i v a t e d h o r i z o n extends to 22 cms. 
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LABORATORY A N A L Y S E S 
Profile ....29. Location Tendaho ( D u b t i ) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
International 
Sand* Silt % 
U.S.O.A. 
S a n d % Silt % 
Clay Saturation PH 
5 - 1 5 
2 5 - 3 5 
4 5 - 5 5 
6 5 - 7 5 
5 . 5 
7 . 0 
8 . 0 
9 . 0 
46 
49 
38 
36 
31 
27 
24 
21 
22 
25 
17 
23 
55 
'51 
4 5 
34 
23 
24 
38 
43 
7 . 6 0 
7 . 9 0 
7 . 5 0 
7 . 6 0 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.R S.A.R mmhos^m C 0 3 HCO3 CL S 0 4 
1 5 . 0 1 0 . 0 2 . 1 1 . 9 2 9 . 0 7 . 2 0 . 9 3 
2 3 . 2 7 . 2 2 . 9 1 . 8 3 5 . 1 8 . 3 1 . 0 8 
2 5 . 5 1 2 . 2 7 . 8 1 . 5 4 7 . 0 1 6 . 6 0 . 4 8 
2 6 . 0 1 7 . 1 6 . 8 1 . 6 5 1 . 5 1 3 . 2 1 . 4 5 
Organic Matter Total 
C:N 
Phosphates mgslOOgm Potash mgs/lOOgm Boron 
Total 
% 
Organic 
C % 
Nitrogen 
% 
Total Available Total Available (ppm) 
2 . 8 1 . 6 0 . 0 7 2 2 . 9 287 7 . 0 1 1 . 7 
1 . 6 6 . 9 n . d . 7 . 7 1 4 . 4 
1 . 4 0 . 8 109 8 . 4 1 7 . 8 
0 . 9 6 . 5 
: 
- 2 6 4 -
L O C A T I O N TENDAHO (Dubti) T I T L E 30. 
TOPOGRAPHY 
V E G E T A T I O N 
C U L T I V A T I O N 4 y e a r s cotton, 1 y e a r r i c e , 1 year maize. Cotton 15 cms 
high 
SOIL GROUP F l u v i s o l 
S U R F A C E Weakly developed c r u s t , 1 mm t h i c k . Maize s t a l k s on surfs 
P R O F I L E DESCRIPTION 
10YR3/3 (dark brown); s i l t y loam; weak medium angular bloc] 
with r e s i d u a l d e p o s i t i o n a l l a m i n a t i o n s ; p l a s t i c ; moist; 
frequent f i n e r o o t s and maize s t a l k s ; merging. 
10YR3/2 (very dark g r e y i s h brown); loamy sand - loamy f i n e 
sand; bedded, w i t h some ochreous s t a i n s ; moist; o c c a s i o n a l 
f i n e r o o t l e t s ; carbonate f i l a m e n t s occur i r r e g u l a r l y i n 
some beds; c l e a r change. 
10YR2/2 (very dark brown); s i l t y c l a y loam; compact and 
massive; moist; r a r e f i n e r o o t s ; frequent c l a y s k i n s ; 
o c c a s i o n a l d u l l d i f f u s e ochreous mottles w i t h some grey 
g l e y i n g . 
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0-36 cms. 
36-69 cms 
69 cms+ 
LABORATORY A N A L Y S E S 
Profile ...3Q Location ? ° n . 6 . a h o < D u b t i > 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
International 
S a n d % Silt % 
U.S.DA. 
S o n d % Silt % 
Clay Saturation PH 
5-15 
25-35 
45-55 
70-80 
1.5 
3.0 
6.0 
7.5 
60 
52 
49 
57 
24 
30 
46 
13 
35 
34 
15 
45 
49 
48 
80 
25 
16 
18 
5 
30 
7.80 
7.50 
7.70 
7.45 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.R S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
21.2 13.2 3.7 1.8 39.9 9.3 0.59 
18.8 11.0 3.4 1.3 24.5 9.9 0.69 
15.1 9.3 3.2 0.9 28.5 11.2 0.67 
15.4 16.3 3.6 2.2 37.5 9.6 0.95 
Organic Matter Total 
C = N 
Phosphates mgslOOgm Potash mas/IOOam Boron 
Total 
% 
Organic 
c % 
Nitrogen 
% 
Total Available Total Available (ppm) 
2.4 1.2 0.05 24.0 322 8.5 14.2 
0.9 0.5 n.d. n.d. n.d. 
1.1 0.6 293 10.9 11.0 
0.3 0.2 
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L O C A T I O N TEN DA HO ( D u b t i ) T I T L E 31. 
TOPOGRAPHY 
V E G E T A T I O N 
C U L T I V A T I O N Cotton grown fo r p r e v i o u s two y e a r s . At time of 
sampling was 20 cms high but showing s i g n s of c h l o r o s i s . 
SOIL GROUP H a l o s o l / X e r o s o l 
S U R F A C E Well developed c r u s t , 4 nuns t h i c k 
P R O F I L E DESCRIPTION 
10YR3/3 (dark brown); sandy loam - sandy c l a y loam; weak 
medium angular blocky s t r u c t u r e ; f i r m , breaking to s m a l l 
angular b l o c k s and s i n g l e g r a i n s ; moist; frequent f i n e 
r o o t s ; c l e a r change. 
Bedded 10YR3/3 (dark brown), 3/2 (very dark g r e y i s h brown) 
and 2/2 (very dark brown); sandy c l a y loam and sandy loams 
compact and massive; moist; r a r e f i n e r o o t s ; frequent e a r t l 
carbonate accumulations below 45 cms; c l e a r change. 
10YR3/3 (dark brown); s i l t y f i n e sandy loam - sandy loam; 
compact and massive; moist; r a r e f i n e r o o t s ; frequent 
earthy carbonate accumulations. 
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0-25 cms 
25-60 cms 
60 cms+ 
LABORATORY A N A L Y S E S 
Profile ...31 Location .Tendaho (Dubti) 
Sample Depth 
Cm. 
Total 
Carbonote 
% 
Intern 
S a n d % 
itional 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
5-15 
45-45 
4.0 
5.5 
74 
55 
7 
32 
43 
16 
38 
. 71 
19 
13 
7.85 
8.10 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Co Mg Na K Total E.S.R S.A.R. m mhos/cm C 0 3 HC0 3 CL S 0 4 
25.2 8.2 3.9 1.6 38.9 10.0 0.70 
16.8 6.2 8.7 1.2 32.9 26.3 1.39 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
' Nitrogen 
% 
C=N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/IOOgm 
Available 
Boron 
(ppm) 
1.4 
1.2 
0.8 
6.7 
0.04 20.0 32.2 
28.2 
5.6 
9.3 
16.1 
11.6 
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L O C A T I O N A l Hasa ( O f f i c e ) T I T L E 32 
TOPOGRAPHY On c r e s t of s t a b i l i s e d sand dune 
V E G E T A T I O N Tamarix a p h y l l a p l a n t a t i o n e s t a b l i s h e d f o r 8 y e a r s , 
No ground v e g e t a t i o n i n v i c i n i t y of p i t . 
C U L T I V A T I O N 
SOIL GROUP Anthropogenic polymorphic s o i l . 
S U R F A C E Covered by l i t t e r 
P R O F I L E DESCRIPTION 
1.25-0.5 cms undecomposed Tamarix l i t t e r (needles and seed pods); 
dry; c l e a r change. 
0.5-0 cms 10YR2/1 ( b l a c k ) ; decomposing l i t t e r ; needles humified towa: 
base of h o r i z o n but seed pods r e t a i n e d form; fungal a c t i v i l 
i n evidence; moist; c l e a r change. 
0-15 cms 2.5Y5/0 ( g r e y ) , sandy loam; weak angular b l o c k s and s i n g l e -
g r a i n s ; f r i a b l e , b r e a k i n g to s i n g l e g r a i n s ; s l i g h t l y 
moist; abundant f i n e r o o t s ; sharp i r r e g u l a r change. 
15 cms + 10YR6/4 ( l i g h t y e l l o w i s h brown); sand; s i n g l e g r a i n 
s t r u c t u r e ; very s l i g h t l y moist, o c c a s i o n a l r o o t s . 
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LABORATORY A N A L Y S E S 
Profile 32 Location ..Al.Ji.asa ( O f f i c e ) 
Sample Depth 
Cm. 
Total 
Carbonate 
% 
Internt 
S a n d % 
jtional 
Silt % 
U.S. 
S a n d % 
DA. 
Silt % 
Clay 
% 
Saturation 
% 
pH 
5 - 1 5 
2 5 - 3 5 
2 0 . 0 
• 9 . 8 
8 0 . 8 
9 4 . 2 
8 . 4 
3 . 2 
7 1 . 2 
9 2 . 6 
1 8 . 0 
4 . 8 
1 0 . 8 
2 . 6 
7 . 4 5 
8 . 4 0 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg. Na K Total E.S.B S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
3 . 4 1 .1 1 .1 1 . 7 9 . 3 1 1 . 8 1 . 1 4 2 . 7 2 . 7 8 . 0 
1 . 2 1 . 0 0 . 5 0 . 3 3 . 0 1 6 . 7 0 . 0 6 1 . 0 0 . 4 2 . 8 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C:N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/IOOgm 
Available 
Boron 
(ppm) 
2 . 9 
0 . 4 
1 . 6 
0 . 2 
0 . 0 4 3 8 . 0 4 1 . 0 
3 3 . 0 
3 . 3 
2 . 7 
- 2 7 0 -
L O C A T I O N AL HASA (Shaiba.ni) T I T L E 33. 
TOPOGRAPHY - Smoothed sand dune 
V E G E T A T I O N Tamarix a p h y l l a e s t a b l i s h e d f o r 1 year 
C U L T I V A T I O N 
SOIL GROUP Anthropogenic polymorphic s o i l 
S U R F A C E C r u s t e d s a l i n e t o p s o i l 
P R O F I L E DESCRIPTION 
i 
0-15 cms 2.5Y5/0 ( g r e y ) ; sandy loam - loamy sand; weak moderate 
angular blocky s t r u c t u r e ; f r i a b l e , b r e a k i n g to s i n g l e 
g r a i n s ; moist; frequent f i n e r o o t s ; c l e a r change. 
15 cms+ 10YR6/4 ( l i g h t y e l l o w i s h brown); sand- s i n g l e g r a i n 
s t r u c t u r e ; moist; r a r e r o o t s ; o c c a s i o n a l d u l l d i f f u s e 
r u s t y and ochreous s t a i n s . 
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LABORATORY A N A L Y S E S 
Profile ...33 Location A„l Hasa ( S h a i b a n i ) 
Sample Depth 
Cm. 
Total 
. Carbonate 
% 
Intern 
S a n d % 
ational 
Silt % 
U.S. 
S a n d % 
D. A. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
5 - 1 5 
2 5 - 3 5 
6 0 - 7 0 
2 4 . 2 
1 3 . 5 
1 2 . 7 
7 6 . 1 
9 7 . 6 
9 8 . 6 
1 3 . 1 
1 . 0 
1 . 4 
6 7 . 1 
9 7 . 2 
9 9 . 0 
i 2 2 . 1 
'. 1 . 4 
1 . 0 
1 0 . 8 7 . 7 5 
7 . 8 0 
8 . 5 0 
Cation exchange capacity m.e/IOOg Conductivity Soluble Anions m.e/litre 
Ca Mg Na K Total E.S.P. S.A.R. mmhos/cm C 0 3 H C 0 3 CL S 0 4 
8 . 8 1 . 8 2 . 9 1 . 7 1 5 . 2 1 9 . 1 : 1 0 . 4 0 — 1 . 5 3 2 . 3 7 3 . 8 
1 .6 0 . 5 0 . 7 0 . 6 3 . 4 2 0 . 6 1 . 6 6 - 0 . 2 6 . 7 1 3 . 4 
1 . 6 0 . 5 0 . 7 0 . 3 3 . 1 ! 0 . 1 1 0 . 2 0 . 5 3 . 2 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C = N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/IOOgm 
Available 
Boron 
(ppm) 
2 . 2 
0 . 7 
0 . 3 
1 . 3 
• 0 . 4 
0 . 2 
0 . 0 4 . 3 2 . 5 6 2 . 0 3 . 9 
- 2 7 2 -
LOCATION AL HASA T I T L E 34. 
TOPOGRAPHY 1 F l a t - l e v e l l e d dune 
V E G E T A T I O N Tamarix a p h y l l a woodland e s t a b l i s h e d f o r 3 y e a r s 
C U L T I V A T I O N 
S O I L GROUP Anthropogenic polymorphic s o i l 
S U R F A C E S a l t c r u s t s w i t h i r r e g u l a r c o v e r i n g of l i t t e r 
P R O F I L E DESCRIPTION 
0.5-0 cms I r r e g u l a r l i t t e r l a y e r 
0-14 cms 10YR4/2 (dark grey brown); sandy loam; weak s m a l l and 
medium angular b l o c k s and s i n g l e g r a i n s , f r i a b l e , breaking 
to s i n g l e g r a i n s ; moist; frequent f i n e r o o t s ; c l e a r change 
14 cms+ 10YR6/4 ( l i g h t y e l l o w i s h brown); sand; s i n g l e g r a i n 
s t r u c t u r e ; moist; r a r e r o o t s . 
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L A B O R A T O R Y A N A L Y S E S 
Profile ...3.4 Location ...A?-..*1.?.?8 
Sample Depth 
Cm. 
Total 
. Carbonate 
% 
Interne 
S a n d % 
itional 
Silt % 
U.S. 
S a n d % 
01 A. 
Silt % 
Clay 
% 
Saturation 
% 
PH 
3 - 1 3 2 6 . 5 8 0 . 6 9 . 0 6 3 . 2 2 6 . 4 1 0 . 4 7 . 4 5 
Cation 
Ca 
exchang 
Mg 
e capac 
Na 
ity m.e/ 
K 
OOg 
Total E.S.R S.A.R. 
Conductivity 
mmhos/cm 
Soluble 
co 3 
Anions 
H C 0 3 
m.e/litr 
CL 
9 
S 0 4 
7 .1 0 . 9 1 . 9 1 . 3 1 1 . 2 1 7 . 0 1 7 . 5 0 1 . 8 1 8 . 4 1 5 6 . 3 
Organic 
Total 
% 
Matter 
Organic 
C % 
Total 
Nitrogen 
% 
C = N 
Phosphates 
Total 
mgslOOgm 
Available 
Potash m 
Total 
gs/IOOgm 
Available 
Boron 
(ppm) 
1 . 6 ; 0 . 9 0 . 0 4 2 2 . 5 3 7 . 5 3 . 0 
- 2 7 4 -
APPENDIX I I 
i i 
BASIC DATA FOR 62 PROFILES USED IN 
CLUSTER ANALYSIS 
i 
T a b l e s I I - I I form a s i n g l e data matrix from which the B H 
s i m i l a r i t y i n d i c e s were c a l c u l a t e d . They a r e given s e p a r a t e l y , 
i n t h i s appendix f o r ease of p r e s e n t a t i o n . The upper l i n e for 
each c h a r a c t e r i s t i c r e p r e s e n t s the a c t u a l v a l u e , the lower l i n e 
the v a l u e on a 0-100 s c a l e from which the s i m i l a r i t y index was 
d e r i v e d . ^ 
Table I I . S o i l c h a r a c t e r i s t i c s used i n o r d i n a t i o n A 
In t h i s t a b l e , the s u f f i x denotes a va l u e r e l a t i n g to the c u l t i v a t e d , 
c 
or s u r f a c e , horizon of the s o i l , the s u f f i x denotes a value 
s 
r e l a t i n g to the s u b s o i l or ho r i z o n immediately u n d e r l y i n g the 
s u r f a c e h o r i z o n . 
C h a r a c t e r i s t i c 1. t h i c k n e s s of the c u l t i v a t e d h o r i z o n or s u r f a c e 
h o r i z o n of u n c u l t i v a t e d s o i l s . 
2. PH C 
3. PH c:pH s 
4. % CaCO_ 
c 
5. % CaCO_ :% CaCO_ 
J c J s 
6. % C l a y c 
7. % c l a y : c l a y 
c s 
8. % s i l t and c l a y (USDA l i m i t s ) x 
9. % ( s i l t and c l a y ) : % ( s i l t and c l a y ) 
c s 
10. E.C. 
c 
11. E.C. : E.C. 
c s 
12. C.E.C• 
c 
13. Exchangeable c a l c i u m percentage^ 
14. E.S.P. 
c 
15. E.S.P. : E.S.P. 
c s 
16. % organic carbon 
c 
17. % t o t a l n i t r o g e n 
c 
18. C:N r a t i o 
c 
19. a v a i l a b l e phosphate 
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AD5 AD9 TSS28 TSS58 TSS25 AD4 
16 17 3 4 15 
1 2 3 4 5 ' 6 
C h a r a c t e r i s t i c 
1 7 26 30 20 40 30 
0 . 0 2 3 . 4 2 3 . 4 16 .1 4 0 . 7 9 0 . 2 
2 8 . 6 8 . 9 8 . o 3 . 7 8 . 6 8 . 3 
9 4 . 4 100 8 3 . 3 8 8 . 8 8i5.3 9 4 . 4 
J 1.01 1.01 1.01 1.01 1.00 1 .05 
7 0 . 0 70 .0 70 .0 7 6 . 0 6 5 . 0 3 5 . 0 
4 4 2 . 5 4 3 . 5 5 3 . 0 1 9 . 5 p J. r. 3 7 . 5 
5 6 . 4 6 5 . 0 7 3 . 5 2 3 . 6 72 .8 4 9 . 2 
5 1.01 0 . 9 9 1 . 0 2 1 .56 0 . 9 2 1 .32 
2 3 . 0 2 2 . C 2 3 . 5 5 0 . 1 1 8 . 5 3 8 . 5 
6 1 0 . 7 1 2 . 4 1 7 . 2 6 . 3 1 9 . 2 4 . 9 
1 2 . 0 1 5 . 0 2 3 . 6 5 . 0 27 .1 1 .6 
7 0 . 8 7 0 . 8 2 0 . 7 5 1.31 1 .30 0 . 8 0 
7 .0 6 . 4 5 . 7 1 1 . 7 1 1 . 6 6 . 2 
3 4 4 . 3 4 5 . 6 5 5 . 2 5 5 . 4 2 5 . 4 
3 1 . 7 3 2 . 7 4 6 . 1 5 . 9 4 5 . 1 7 .3 
9 1.21 1.20 0 . 9 6 1 .22 1 .18 1.01 
5 . 9 6 . 3 3 . 3 6 . 0 5 . 5 4 . 2 
'10 0 . 1 4 0 . 1 9 1 .13 0 . 3 3 0 . 8 5 0 . 0 9 
0 . 4 0 . 5 4 . 0 1.1 3 . 0 v.* 
11 1.00 0 . 5 6 0 . 8 ? 2 . 0 6 2 . 2 4 0 . 8 2 
3 . 4 1 .8 2 . 9 7 .3 7 . 4 2 . 8 
12 1 1 . 8 1 0 . 4 2 5 . 3 7 . 5 2 0 . 8 9 . 7 
5 . 9 4 . 3 2 1 . 7 1 .2 1 5 . 7 3 . 5 
13 5 0 . 0 4 0 . 4 6 8 . 0 5 6 . 0 77 .8 4 4 . 4 
4 5 . 3 2 6 . 9 8 0 . 0 57 .1 9 S . 4 3 4 . 3 
1 4 8 . 5 1 5 . 4 17 .1 1 6 . 0 1 1 . 5 9 . 3 
3 2 . 1 6 4 . 2 7 2 . 0 6 7 . 0 4 5 . 0 3 5 . 3 
15 0 . 8 3 1 .13 1 . 4 7 0 . 7 3 1.13 0 . 9 0 
1 6 . 5 • 2 9 . 9 4 7 . 3 1 2 . 0 2 9 . 9 1 9 . 6 
16 1 . 7 7 2 . 1 4 1 . 1 7 1.21 0 . 7 4 1.03 
8 1 . 2 1G0 5 1 . 0 5 3 . 0 2 9 . 3 4 3 . 9 
17 0 .11 0 . 1 2 0 . 0 5 0 . 0 7 0 . 0 4 0 . 0 4 
9 0 . 0 100 4 0 . 0 5 0 . 0 2 0 . 0 3 0 . 0 
13 16 .1 1 7 . 8 1 9 . 5 1 7 . 3 1 8 . 5 2 0 . 6 
3 6 . 1 4 0 . 0 4 5 . 0 3 8 . 5 42 .1 4 8 . 2 
19 1.8 0 . 8 2 .1 0 . 2 0 . 4 
7 . 2 1 4 . 4 3 . 0 .. 3 . 4 0 . 4 1 .3 
n o t e s 1 . A.D - A"! A i rs , YSS " R s s - s l - K h a i i s s h 
S o i l P r o f i 
P r o f i l e nucbof 
M a t r i x n u s b c r 
2 . A 0 4 h a s o n l y baon undor d a t e s f o r 16 y o a r s . 
T a b l e I I C h a r a c t e r i s t i c s o f s o i l s o f t r a d i t i o n a l da te g-irdcns 
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A02 . AD11 A O l l a T S S 2 4 TSS29 TSS39 T S S 5 4 TSS71 AD3 AD8 
13 7 2 5 8 14 
7 8 9 10 11 12 13 1 4 •'15 16 
C h a r a c t e r i s t i c 
1 33 29 29 26 2 4 31 35 25 '71 24 
3 2 . 1 2 7 . 2 2 7 . 2 2 3 . 4 2 1 . 0 2 9 . 7 3 4 . 6 22.2 79. i . 2 1 . 0 
2 8 . 7 '* 8 . 6 5 8 . 6 8 . 8 . 8 . S 8 . 5 8 . 4 3 8.55 ' 8.75 . -3 .9 
8 8 . 8 i 86 .1 8 3 . 3 9 4 . 4 - 9 4 . 4 77.7 72.1 80 .51 91 . 6 100 
3 0 o 9 7 ; 1 .02 0 . 9 9 1.01 . 1 .03 1 .03 0 . 9 6 0 .96 1.01 1 . 0 4 
5 0 . 0 7 5 . 5 6 0 . 0 7 0 . 0 8 0 . 0 8 0 . 0 4 5 . 0 45 .0 7 0 . 0 85.0 
4 3 4 . 0 5 4 . 0 5 2 . 5 4 5 . 5 7 3 . 0 4 3 . 0 3 3 . 0 24 .0 38 .0 44.5 
4 4 . 2 7 2 . 8 7 0 . 7 6 0 . 7 100 6 4 . 2 4 2 . 8 30 . 0 5 0 . 0 59 . 3 
5 0 . 9 4 1 .28 1 .18 0 . 9 8 0 . 9 6 1 .00 1 . 0 5 0 .68 1.10 1.01 
1 9 . 5 3 6 . 5 3 1 . 5 2 1 . 5 ' 2 0 . 5 2 2 . 5 2 5 . 0 7.5 27.5 23.0 
6 5 . 5 2 1 . 0 . 1 6 . 0 1 6 . 0 7 .8 1 4 . 3 1 2 . 2 1 0 . 7 5.3 12 . 6 
2 . 7 2 0 . 3 2 1 . 4 2 1 . 4 6 . 8 1 8 . 4 1 4 . 4 1 2 . 0 2.3 1 5 . 4 
7 1 . 12 1.71 1 .45 1 .03 4 . 3 4 0 . 7 1 . 2 7 0 .96 0 .66 0 . S 3 
9 . 6 1 6 . 0 • 1 3 . 2 8 . 7 4 4 . 2 5.1 , 1 1 . 3 7 .9 4.7 7 .6 
3 2 5 . 9 6 4 . 4 6 1 . 9 7 3 . 0 2 5 . 8 8 8 . 1 5 9 . 7 2 9 . 4 22.0 27.1 
7 . 9 5 6 . 3 5 3 . 2 6 7 . 3 7 .8 8 6 . 2 4 9 . 1 1 2 . 4 3.1 • . . S „ 4 
9 0 . 7 6 1 .20 1 .13 0 . 9 8 5 . 6 2 1 .02 1 .25 0 .90 0 . 9 9 0 .95 
2 . 0 5 . 8 5 . 2 3 . 9 4 3 . 6 4 . 3 6 . 3 3.2 4 . 0 3.7 
10 0 .21 0 . 3 4 0 . 2 0 1 .16 0 . 1 7 ' 0 . 1 4 0 . 3 7 0 . 84 0 . 0 7 0 . 2 4 
0 . 6 1.1 0 . 6 4 . 1 0 . 5 . 0 . 4 1 .2 . 3 . 0 : ' 0.1 0.7 
1 .40 1 .13 2 . 0 0 . 4 3 1 .0 0 . 9 4 1 .03 1.56 0 . 5 1.41 
4 . 9 3 . 9 7.1 1 . 5 3 . 4 3 . 2 3 . 4 5.5 1.6 4 . 9 
12 1 3 . 9 2 1 . 1 2 0 . 5 ; 16 .1 12.1 2 5 . 0 9 . 8 10 . 7 6 .9 12 .0 
8 . 2 1 6 . 0 1 5 . 4 1 0 . 5 6 . 2 2 0 . 1 3 . 6 4 . 6 0 . 5 6 . 2 
13 4 3 . 2 4 3 , 3 5 1 . 0 6 1 . 5 76 .1 6 9 . 6 6 9 . 5 6 7 . 3 62.3'' 4 5 4 0 
3 2 . 4 3 2 . 6 4 7 . 3 1 6 7 . 7 9 6 . 2 8 3 . 4 8 3 . 2 79.0 6 9 . 3 3 5 . 5 
1 4 1 7 . 3 11.8 1 5 . 2 1 4 . 3 1 3 . 2 1 4 . 4 1 5 . 3 20.5 13.1 8.3 
7 2 . 9 4 7 . 4 6 3 . 2 t 5 9 . 0 5 3 . 9 5 9 . 5 6 3 . 7 87 . 8 53.4 3 1 . 2 
15 2 . 7 0 1 .28 1 . 3 6 0 . 5 0 0 . 8 2 0 . 7 8 . 1 . 0 1 0 .69 0 . 7 2 1 .05 
100 3 6 . 7 4 0 . 2 1 .8 1 6 . 2 1 4 . 0 246 . 10.3 1 2 . 0 : 2 6 . 8 
16 1 . 3 2 0 . 5 5 0 . 8 6 0 . 6 6 0 . 5 4 0 .51 0 . 7 8 0 . 8 2 0.53 " 1 . 1 8 
5 8 . 6 19 . 7 3 5 . 4 2 5 . 3 1 9 . 2 1 7 . 7 3 1 . 3 3 3 9 3 21 .2 ...51.5 
17 • 0 . 0 5 0 . 0 4 0 . 0 6 0 . 0 4 0 . 0 4 0 . 0 4 0 . 0 5 0 .Q5 0 . 0 3 0 . 0 6 
3 0 . 0 2 0 . 0 4 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 3 0 . 0 3 0 . 0 ; loi 4 0 . 0 
18 2 6 . 4 1 3 . 8 1 4 . 3 1 6 . 5 1 3 . 5 1 2 . 8 1 5 . 6 16.4 ; 19.3 1 9 . 7 
7 4 . 5 2 7 . 9 2 9 . 7 3 6 . 1 . 2 7 . 3 2 5 . 8 3 3 . 5 3 5 . 8 4 4 . 4 
1 
4 5 . 6 
19 3 .1 2 . 6 2 . 2 0 . 5 2 . 3 1 . 4 0 . 4 0 . 3 
i 
1.8 1 .3 
1 2 . 7 1 0 . 5 8 . 8 1 . 7 9 . 3 . 5 . 5 1 .3 0 . 8 | 7 .2 5.1 
N o t e s : ( i ) AD - A l A i n , TSS - R a s - a l - K h a i n a h 
( i f ) A 0 3 , AOS - s o i l p r o f i l e s unclor f o d d e r c r o p s ( l u c e r n e ) . 
T a b l e C h a r a c t e r i s t i c s o f s o i l s under v e g e t a b l e and f o d d e r props 
Soil Profi le 
Profi le number in thesis 
Matrix number 
- 2 7 ? -
01 09 D10 013 0 1 4 030 032 
25 23 
17 18 19 20 21 22 23 
C h a r a c t a r i s i i c 
1 15 
9 . 9 
27 
2 4 . 7 
2 4 
2 1 . 0 
25 
2 2 . 2 
21 
1 7 . 3 
22 
1 8 . 5 
20 
16 .1 
2 7.81 
3 8 . 9 ' 
7 . 4 
1 6 . 7 
8 . 0 
5 0 . 0 
7 . 9 
4 4 . 5 
7 .6 
2 7 . 8 
7 . 7 
. 3 3 . 4 
8 . 0 
5 0 . 0 
3 1 . 0 4 
8 5 . 0 
0 . 9 7 
5 0 . 0 
1 . 0 4 
8 5 . 0 
1.00 
6 5 . 0 
1 .05 
3 0 . 0 
0 . 9 6 
4 5 . 0 
1 .03 
8 0 . 0 
4 1 1 . 5 
1 2 . 2 
1 3 . 5 
1 5 . 0 
1 3 . 0 
1 4 . 3 
9 . 5 
9 . 3 
1 6 . 5 
1 9 . 3 
4 . 5 
2.1 
3 . 0 
0 . 0 
5 1 .13 
2 9 . 0 
1 . 3 5 
4 0 . 0 
1 .30 
3 7 . 5 
1 . 2 7 
3 6 . 0 
1 .03 
2 4 . 0 
1 . 0 0 
2 2 . 5 
0 . 6 7 
6 . 5 
6 4 1 . 0 
66 .1 
3 8 . 0 
6 0 . 8 
4 4 . 0 
7 1 . 4 
3 4 . 0 
5 3 . 5 
5 5 . 0 
31 .1 
3 2 . 0 
5 0 . 0 
4 5 . 0 
7 3 . 2 
7 0 . 6 4 
4 . 5 
0 . 9 7 
8 . 0 
0 . 8 6 
6 . 9 
0 . 7 4 
5 . 6 
0 . 9 6 
7 . 9 
0 . 6 3 
4 . 4 
0 . 9 8 
8.1 
8 8 3 . 0 
7 9 . 9 
8 0 . 0 
75.1 
74 .0 
6 8 . 5 ' 
S 5 . 0 
8 2 . 4 
8 4 . 0 
81 .1 
8 6 . 0 
8 3 . 7 
73 .0 
6 7 . 3 
9 0 .91 
3 . 3 
1 . 0 7 
4 . 7 
0 . 8 2 
2 . 6 
0 . 9 2 
3 . 4 
1.01 
4 . 2 
0 . 9 3 
3 . 5 ' 
0 . 9 6 
3 . 8 
10 o . n 
0 . 3 
0 . 7 5 
2 . 6 
0 . 9 5 
3 . 3 
0 . S 8 
3 . 4 
0 . 5 3 
1 .8 
0 . 8 6 
3 . 0 
0 . 6 8 
2 . 3 
n 0 . 0 7 
0 . 0 
1 . 0 6 
3 . 6 
0 . 2 5 
0 . 7 
1 . 0 4 
3 . 5 
0 . 8 7 
2 . 9 
0 . 7 3 
2 . 6 
0 . 8 7 
2 . 9 
12 S 8 . 5 
1 0 0 . 0 
5 3 . 7 
5 1 . 5 
5 2 . 2 
- 4 9 . 8 -
71 .0 
70 .0 
6 5 . 5 
64 ;3 
5 5 . 5 
5 4 . 5 
6 5 . 7 
6 4 . 5 
13 7 3 . 6 
9 1 . 3 
67 .1 
7 8 . 6 
6 4 . 6 
73 .6 
6 0 . 6 
' 5 5 . 9 
6 3 . 4 
5 1 . 8 
6 1 . 7 
68 .1 
6 4 . 0 
7 2 . 4 
1 4 6 . 8 
2 4 . 2 
3 . 9 
1 0 . 7 
9 . 0 
3 4 . 4 
5 . 8 
1 9 . 6 
1 2 . 8 
4 7 . 5 
1 3 . 5 
5 5 . 3 
1 0 . S 
4 2 . 8 
15 0 . 7 2 
1 1 . 6 
0 . 5 4 
3 . 6 
0 . 6 2 
7.1 
0 . 8 8 
1 8 . 7 
1 . 02 
2 5 . 0 
0 . 9 9 
2 3 . 7 
0 . 9 5 
2 1 . 9 
• 16 2.1 
9 7 . 8 
1.4 
6 2 . 6 
1 . 4 
6 2 . 6 
1 .2 
5 2 . 5 
1 .5 
6 7 . 6 
1 .8 
8 2 . 7 
1 .6 
72 .6 
17 0.1 
8 0 . 0 
0 . 0 8 
6 0 . 0 
0 . 0 3 
6 0 . 0 
0 . 0 7 
5 0 . 0 
0 . 0 8 
6 0 . 0 
0 . 0 8 
6 0 . 0 
0 . 0 8 
6 0 . 0 
18 2 1 . 0 
4 9 . 4 
1 7 . 5 
3 9 . 1 
1 7 . 5 
39 .1 
17.1 
3 7 . 9 
1 8 . 7 
4 2 . 7 
2 2 . 5 
5 4 . 0 
2 0 . 0 
4 6 . 6 
19 5 . 3 
22 .1 
1 3 . 8 
5 7 . 7 
9 . 5 
3 9 . 7 
9 . 3 
3 8 . 8 
9 . 4 
3 9 . 3 -
1 2 . 6 
5 2 . 7 
7 .6 
3 1 . 7 
S o i l p r o f i l e 
P r o f i l e number i n - t h e s i s 
M a t r i x nunbdr 
T a b l e I L C h a r a c t e r i s t i c s o f heavy t e x t u r e d s o i l s under c o t t o n c u l t i v a t i o n , Dubt i P l a n t a t i o n T e n d a h c . 
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04 05 06 08 o n 012 
24 25 26 27 28 ,29 
acteristic 
1 22 
18.5 
25 
22.2 
26 
23.4 
22 
.18.5 
25 
22.2 
24 
21.0 
2 7.8 
38.9 
7 . 1 
33.4 
7.65 
30.6 
7.75 
36.2 
7.8 
38.9 
7.8 
38.9 
3 0.96 
45.0 
0.99 
60.0 
0.95 
49.0 
0.98 
55.0 
1.00 
65.0 
0.97 
50.0 
4 7.0 
5.7 
16.5 
19.3 
13.5 
15.0 
9.0 
8.6 
14.0 
15.7 
8.5 
7.9 
5 1.08 
26.5 
1.32 
38.5 
1.59 
52.0 
1.13 
29.0 
1.22 
33.5 
1.70 
57.6 
6 25.0 
37.5 
15.0 
19.7 
21.0 
30.3 
22.0 
32.1 
31.0 
48.2 
27J0 
41.1 
7 2.50 
24.4 
0.83 
6.5 
0.68 
4.9 
0.69 
5.0 
0.94 
7.7 
0.84 
6.6 
8 69.0 
62.2 
81.0 
77.4 
73.0 
67.3 
90.0 
88.6 
75.0 
69.8 
81.0 
77.4 
9 1.02 
4.3 
0.99 
3.9 
0.91 
3.3 
1.06 
4.6 
0.89 
3.2 1 
0.99 
3.9 
10 0.71 
2.4 
0.89 
3.1 
1.06 
3.9 
2.50 
9.1 
0;93 
3.4 
0.95 
3.3 
11 1.57 
•5.6 
1.27 
4.4 
1.33 
4.6 
3.76 
13.5 
1.65 
'5.8 
1.34 
4.7 
12 45.6 
42.6 
37.7 
34.0 
57.4 
55.4 
25.6 
20.9 
45.9 
42.9 
68.9 
68.1 
13 73.8 
91.7 
53.1 
51.2 
70.0 
84.4 
55.4 
55.9 
60.4 
55.5 
48.6 
42.6 
14 4.2 
12.2 
5.3 
17.2 
3.7 
9.8 
6.6 
23.3 
5.2 
J6.7 
14.6 
60.4 
15 1.02 
25.0 
0.95 
21.9 
0.88 
18.7 
1.31 
37.5 
0.45 
0.0 
1.16 
31.3 
16 1.60 
72.6 
0.90 
37.4 
1.20 
52.5 
0.90 
37.4 
0.30 
7.1 
1.40 
62.6 
17 0.07 
50.0 
0.05 
30.0 
0.07 
50.0 
0.08 
60.0 
0.07 
50.0 
0.06 
40.0 
18 22.9 
55.2 
.18.0 
40.6 
17.1 
37.9 
n . 2 
20.5 
4.3 
0.0 
23.3 
56.3 
19 6.7 
27.9 
7.0 
29.1 
7.3 
30.3 
22.8 
95.7-
6.1 
25.5 
7.4 
30.7 
015 017 Die 
29 
020 , 023 024 025 
30 31 32 33 34 
. 
35 36 
20 
16.1 
26 
23.4 
22 
18.5 
24 
21.0 
24 
21.0 
30 
28.4 
22 
18.5 
7.45 
19.4 
7.6 
27.8 
7.6 
27.8 
7.95 
47.4 
7.3 
38.9 
7.6 
27.8 
7.7 
33.4 
0.94 
35.0 
1.03 
80.0 
0.96 
45.0 
1.02 
75.0 
.1.00-
C5.0 
. 0.96 
; ;45.0 
1.03 
80.0 
9.5 
9.3 
5.5 
3.6 
5.5 
3.6 
7.5 
6.4 
5„5 
r\ r 
5.0 
2.9 
5.0 
2.9 
0.91 
18.0 
0.52 
0.0 
0.79 
12.0 
1.21 
33.0 
0.92 
18.5 
0.63 
5.5 
0.83 
14.5 
26.0 
39.3 
26.0 
39.3 
23.0 
33.9 
25.0 
37.5 
31.0 
48.2 
24.0 
35.7 
29.0 
44.6 
1.74 
16.3. 
1.04 
8.8, 
0.96 
7.9 
1.92 
18.2 
1.11 
9.5 
1.33 
11.8 
1.16 
10.1 
76.0 
71.0 
67.0 
59.7 
78.0 
73.5 
68.0 
60.9 
60.0 • 
50.9 
55.0 
44.5 
'•76.0 
71.0 
0.93 
3.5 
0.84 
2.7 
1.04 
4.4 
0.88 0.83 
2.6 
0.90 
3.2 
1.14 
5.3 
0^ 83 
3.0 
1.75 
6.2 
0.93 
3.3 
1.00 
3.5 
l o l l 
3,9 
- 1.55 1.22 
4.5 
2.02 
7.2 
4.86 
17.6 
0.86 
2.8 
1/14 
3.9 
1.11 
3.8 
1.21 
4.2 
1.30 
4.6 
62.0 
60.4 
53.4 
51.1 
29.0 
24.5 
57.8 
55.S 4S.6 
32.0 
27.8 
45.3 
42.3 
60.4 
65.5 
56.2 
57.5 
51.7 
43.7 
62.9 
70.5 
62.3 .• 
6S.3 
, 55.2 
57.5 
51.7 
48.6 
4.4 
13.1 
6.5 
22.8 
7.2 
26.0 
8.6 
32.6 
6.0 
20.5:; 
13.1 
53.4 
'6.6 
23.3 
0.51 
2.2 
0.90 
19.6 
0.87 
17.6 
1.31 
38.0 
1.22 
33.9 
0.81 
.15.7 
0o93 
21.0 
0.90 
37.4 
0.70 
27.3 
1.60 
72.6 
0.60 
22.2 
1.30 
57.6 
0.70 
27.3 
1.40 
62.6 
0.08 
60.0 
0.07 
50.0 
0.07 
50,0 
0.08 
60.0 
0.06 
40.0 
0.04 
v 20.0 
0.08 
60.0 
11.2 
20.5 
10.0 
16.9 
22.9 
55.2 
7.5 
9.5 
21.7 
b i 95 
17.5 
39.1 
17.5 
39.1 
7.1 
29.5 
7.8 
32.6 
7.0 
29.1 
10.3 
43.1 
6.4 
.25.4 
; 5.1 
21.1 
9.4 
39.3 
Soil Profilo 
Profilo nuiaber in Miosis 
Matrix nusiber 
Table 11^ Characteristics of soils of medius texture under cotter: 
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iultivation,, Oubti Plantation, Tondaho 
07 016 019 027 
37 38 39 40 
acteristic 
1 23 18 24 26 
19.7 13.6 21.0 23.4 
2 7.8 7.6 7.7 7.8 
38.9 27.8 33.4 38.9 
3 1.03 0.99 0.S9 0.97 
80.0 60.0 60.0 50.0 
4 7.5 8.0 4.5 4.0 
6.4 7.1 2.1 1.4 
5 1.0 1.14 0.75 . 1.33 
22.5 29.5 11.0 39.0 
6 14.0 20.0 21.0 4.0 
17.9 28.6 30.3 0.0 
7 1.55 3.33 1.75 0.36 
14.3 33.4 16.4 1.5 
8 42.0 67.0 70.0 90.0 
28.1 59.7 63.4 88.6 
' 9 1.27 0.93 0.97 1.22 
6.4 3.5 3.8 6.0 
10 0.45 0.73 3.21 0.83 
1.5 2.5 11.2 2.9 
11 2.50 1.55 0.99 1.21 
8.9 5.4 3.3 4.2 
12 36.4 30.8 27.6 23.3 
32.6 26.5 23.1 23.8 
13 73.9 39.6 72.4 41.6 
91.6 25.0 8S.9 28.9 
14 9.1 11.7 12.0 8.8 
34.9 45.9 43.5 33.5 
15 1.09 1.04 1.02 1.02 
23.1 25.9 25)0 25.0 
16 0.80 1.30 1.10 1.30 
32.3 57.6 47.5 57.6 
17 0.06 0.08 0.08 0.06 
40.0 60.0 60.0 40.0 
18 13.3 16.2 13.7 21.7 
25.4 35.2 27.6 51.5 
19 :2S.8 10.0 9.2 9.2 
100.0 42.2 38.3 - 38.3 
Soil Profi le 
Profile nuabor in •thesis 
Matrix nuaber 
Table l ip Characteristics of l ight texturod soils under cotton cult ivation, Oubti Plan-foiior., 
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A B 0 £ • G H 
32 33 
41 42 43 44 45 45 47 
Characteristic 
1 15 
9.9 
10 
3.7 
16 
n . i 
16 
11.1 
18 
13.6 
17 
12.3 
15 
9.9 
2 7.45 
19.4 
7.2 
5.6 
8.2 
61.2 
7.5 
22.2 
7.6 
27.8 
7.7 
33.4 
7.75 
36.2 
3 0.87 
0.0 
0.93 
30.0 
0.95 
40.0 
0.93 
30.0 
0.94 
35.0 
0.99 
60.0 
0.99 
60.0 
4 20.0 
24.3 
20.7 
25.3 
32.3 
41.8 
25.0 
31.4 
24.7 
29.6 
22.3 
27.6 
24.2 
30.3 
5 2.20 
82.5 
1.80 
62.5 
2.55 
100.0 
• 1.88 
66.5 
1.86 
65.5 
1.56 
50.5 
1.79 
62.0 
6 10.8 
12.1 
12.8 
15.7 
8.6 
8.2 
8.5 
8.0 
8.8 
8.6 
8.6 
8.2 
10.8 
12.1 
7 .4.12 
41.8 
7.10 
73.7 
9.55 
100.0 
3.41 
34.2 
6.29 
65.1 
4.30 
43.8 
7.72 
80.8 
8 28.8 
11.6 
32.8 
16.6 
25.6 
7.5 
26.8 
9.1 
27.0 
9.3 
25.0 
6.8 
32.9 
16.7 
9 3.86 
28.6 
5.47 
42.4 
12.20 
100.0 
2.91 
20.5 
5.40 
41.7 
4.54 
34.4 
11.75 
95.8 
10 1.14 
4.0 
27.40 
100.0 
4.65 
16.8 
19.40 
70.6 
0.99 
3.5 
0.25 
0.8 
10.40 
37.0 
11 19.0 
69.5 
2.37 
8.4 
27.3 
100.0 
5.45 
19.9 
2.02 
7.1 
1.32 
4.7 
6.28 
22.7 
12 9.3 
3.2 
14.4 
8.7 
10.5 
4.4 
18.2 
12.8 
12.3 
6.4 
11.9 
6.0 
15.2 
9.7 
13 58.1 
61.0 
59.1 
63.1 
56.2 
57.5 
60.4 
65.6 
72.4 
89.9 
67.3 
79.0 
57.9 
58.7 
14 11.8 
47.4 
21.5 
92.5 
20.9 
89.8 
23.1 
100.0 
17.1 
72.0 
15.9 
65.7 
19.1 
86.1 
15 0.71 
11.1 
0.95 
21.9 
0.81 
15.7 
0.75 
13.0 
0.91 
20.1 
1.06 
26.8 
0.93 
21.0 
16 1.60 
72.6 
1.20 
52.5 
1.70 
77.7 
1.80 
82.7 
1.80 
82.7 
0.90 
37.4 
1.30 
57.6 
17 0.04 
20.0 
0.04 
20.0 
0.06 
40.0 
0.06 
40.0 
0.05 
30.0 
0.04 
20.0 
0.04 
20.0 
18 38.0 
100.0 
28.5 
71.8 
27.0 
67.3 
32.2 
82.3 
36.7 
95.8 
25.0 
61.4 
32.5 
82.6 
19 3.3 
13.2 
4.3 
17.7 
2.5 
9.8 
3.8 
15.6 
4.7 
19.4 
4.2 
17.2 
3.9 
16.0 
Soil Profi le 
Profile nunber in thesis 
Matrix number 
Table I I , Characteristics of Anthropogenic soils under Tainan*x woodland. Al Hasa 
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A 
AD1 A06 A07 TSS25 TSS27 
12 6 
43 49 50 51 52 
34 
33.3 
33 
32.1 
13 
7.4 
88 
100.0 
23 
19.7 
8.4 
72.1 
8.1 
55.6 
3.6 
83.3 
,8.55 
(S0.4 
8.6 
83.3 
0.94 
35.0 
1.01 
70.0 
0.98 
55.0 
'• 0.98 
55.0 
0.98 
55.0 
38.0 
50.0 
43.0 
64.2 
33.5 
43.6 
45.5 
62.1 
40.0 
52.8 
1.34 
39.5 
1.04 
24.5 
1.16 
30.5 
0.91 
18.0 
1.03 
24.0 
7.7 
6.6 
6.3 
4.1 
8.8 
7.9 
15.3 
20.2 
13.3 
16.6 
1.05 
8.9 
0.22 
0.0 
1.00 
8.4 
0.89 
7.2 
0.69 
5.0 
19.6 
0.0 
47.6 
35.2 • 
30.0 
13.1 
36.3 
22.0 
34.2 
18.4 
0.64 
1.0 
0.59 
0.6 
1.00 
4.1 
0.88 
3.1 
0.80 
2.4 
0.11 
0.3 
0.67 
2.5 
0,17 
0.5 
0.21. 
0.6 
0.15 
0.4 
0.73 
2.4 
8.34 
30.4 
1.13 
3.9 
0.72 
2.3 
0.94 
3.2 
10.8 
4.8 
11.2 
5.2 
13.6 
7.8 
13.7 
7.9 
10.5 
4.4 
44.4 
34.3 
26.8 
0.0 
66.9 
78.3 
61.3 
67.4 
59.1 
63.1 
8.3 
31.1 
10.2 
40.1 
6.6 
23.3 
5.1 
16.3 
8.6 
32.6 
0.90 
19.6 
1.23 
34.3 
0.47 
0.4 
1.09 
28.1 
1.23 
34.3 
0.92 
37.4 
0.57 
20.7 
0.47 
15.7 
0.16 
0.0 
0.24 
4.0 
0.09 
70.0 
0.05 
30.0 
0.04 
20.0 , 
0.02 
0.00 
0.03 
10.0 
10.5 
18.4 
11.4 
21.1 
11.8 
22.3 
8.0 
n . o 
8.0 
11.0 
2.0 
8.1 
1.8 
7.2 
1.8 
7.2 
0.4 
1.3 
0.2 
0.4 
TSS35 TSS38 TSS55 TSS53 
53 . 54 55 56 
30 
28.4 
23 
19.7 
21 1 
17.3 
36 
35,8 
8.6 
83.3 
7.9 
44.5 
8.6 ; 
83.3 1 
8.6 
83.3 
0,99 
60.0 
0.97 
50.0 
0.931 
55.0 1 v 
' : 0,99 
60.0 
44.0 
58.6 
35.5 
46.4 
32.0 j , 
41.4 
32,5 
42.1 
1.01 
23.0 
1.00 
22.5 
0.93 [ 
19.0 
0.97 
21.0 
14.8 
18.9 
20.2 
28.9 
9.5 ; 
9.8 l v -
13.3 
16.6 
1.06 
9.0 
0.81 
6.3 
0.89 
7.2 
1.23 
35.0 
19.4 
35.0 
19.4 
29.2 
12.1 1 
31.6 
15.1 
0.97 
3.8 
0.68 
1.3 
0.94] • 
3.5 ! : 
1.10. 
5.0 
0.17 
0.5 
0;.04 
0.0 
' 0.12 
0.3 | 
1.09 
3.7 ,. 
0.22 
0.6 . 
1.31 
' 4.6 
2.0. 
7.0 
1.19 
4.1 
i 9 ' 6 
. 3.4 
10.2 
4.2 
6.4 
0.0 " 
11.6 
; 5.6: 
55.8 
•56.6 
74.5 
92.8 
59.4 
63.7 1 
48.3 
42.0 
8.4 
,31.6 
5.9 
20.0 
12.5 
50.7 1 
6.0 
20.5 
0.90 
19.7 
1.59 
. 50.4 
0.24 
21.5 
4.07 
27.2 
0.55 
19.7 
0.39 
11.6 
0,62 
23.2 
0.94 
;39.4 
0.05 
30.0 . 
0.05 
30.0 
0.05 
30.0 ] 
0.06 
40.0 
11.0 
19.9 
7.8 
10.4 
12.4 
24.1 s 
15.7 
33.8 
1.1 
4.3 
1.0 
3.9 
0,3 
0.8 
2.1 
8.5 
TSS59 TSS60 03 021 
23 
57 58 59 60 
25 
22.2 
23 
19.7 
35 
34.6 
33 
32.1 
8.7 
88.8 
8.8 
94.4 
7.1 
0.0 
7.8 
38.9 
0.99 
60.0 
1.02 
75.0 
0.92 
25.0 
0.98 
55.0 
34.0 
44.2 
33.0 
42.8 
7.2 
6.0 
4.0 
1.4 
0.98 
21.5 
1.03 
24.0 
1.00 
22.5 
0.62 
4.5 
13.7 
17.4 
7.2 
5.7 
8.0 
7.1 
21.0 
30.3 
1.16 
10.1 
0.41 
2.0 
0.36 
1.5 
0.84 
6.4 
32.4 
16.1 
26.4 
8.5 
69.0 
62.2 
95.0 
94.9 
1.13 
5.2 
0.52 
0.0 . 
0.82 
2.6 
1.70 
10.6 
0.16 
0.4 
0.14 
0.4 
0.55 
2.0 
0.70 
2.6 
0.89 
3.2 
0.78 
2.6 
0.60 
1.9 
0.80 
2.7 
9.5 
3.4 
7.2 
0.9 
41.6 
38.3 
49.2 
45.5 
65.5 
75.8 
65.2 
75.2 
78.0 
100.0 
60.0 
64.9 
9.5 
35.8 
9.8 
38.2 
4.6 
14.0 
2.4 
3.7 
1.64 
52.6 
1.10 
28.6 
1.53 
48.8 
0.89 
19.2 
0.86 
35.4 
0.42 
13.1 
1.10 
47.5 
1.50 
67.6 
0.06 
40.0 
0.04 
20.0 
0.06 
40.0 
0.10 
80.0 
14.3 
29.7 
10.5 
18.4 
18.3 
41.5 
15.0 
31.8 
0.2 
0.4 
0.1 
0.0 
5.8 
24.3 
7.3 
30.3 
D22 028 Soil Profi le 
27 Profile number in thes 
61 62 Matrix number 
80 36 
90.1 35.8 
8.1 7.75 
55.6 36.2 
1.07 1.01 
100.0 70.0 
8.0 4.0 
7.1 0.7 
1.00 0.73 
22.5 10.0 
60.0 16.0 
100.0 21.4 
2.73 0.89 
26.9 7.2 
99.0 76.0 
100.0 71.1 
1.22 0.85 
6.0 2.8 
1.65 1.25 
4.9 4.6 
1.85 1.26 
6.8 4.4 
67.9 29.9 
66.8 25.8 
61.9 47.8 
68.6 40.9 
1.6 15.4 
0.0 64.2 
1.0 0.94 
24.1 21.5 
1.40 1.1 
62.6 47.5 
0.04 0.07 
20.0 50.0 
35.0 15.7 
90.9 33.8 
5.6 8.6 
23.2 35.9 
Table 11^ Characteristics; of uncultivated soils at A1 Ain (A 8) Ras-al-Khaisah (T?S) and Tendaho (0) 
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